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The purpose of this study is to document sixth-grade mathematics mastery as 
measured by the seventh-grade Michigan Education Assessment Program (MEAP) over a 
period of 3 years:  2005, 2006, and 2007.  This study investigated whether mathematics 
performance in Michigan is related to ethnicity by analyzing student responses on the 




 Data from the Michigan Department of Education (MDE) containing the student 
scores of individual test items on the mathematics Michigan Education Assessment 
 
Program (MEAP) for seventh-grade students in Michigan for 2005 to 2007 formed the 
basis for this secondary data analysis.  Michigan’s seventh-grade students’ mastery of the 
sixth-grade-level content expectations (GLCEs) on the mathematics portion of the MEAP 
test given at the beginning of each school year is the focus of this descriptive analysis 
with a group comparison design.  Out of 44 sixth-grade-level mathematics expectations, 
14 GLCEs (seven algebra and seven non-algebra) were identified for analysis in this 
study.  Due to the small sample sizes, all Future Core and Extended Core expectations 
were excluded.  Three of the 10 Core Number and Operations GLCEs were selected as 
being foundational to transitioning to algebra.  Of the three Core geometry GLCEs, one 
(G.TR.6.04—Composition of transformations) was eliminated as being too similar to the 
expectation on understanding transformations in a plane.  All Core algebra GLCEs were 
included for analysis.  The three expectations that are classified as Not Assessed at the 
State Level were not included in the data received from the MDE and thus were not part 
of this study. 
The following research questions were addressed by this project: 
1.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of Michigan seventh-grade students on the algebra GLCEs and their 
performance on the non-algebra GLCEs?  
2.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of the seventh-grade ethnic groups in Michigan on the algebra GLCEs 







 For the selected GLCEs, the major findings of this study in answer to Research 
Question 1 are: 
1.  There was no consistent improvement or decline in the mean of Michigan 
student scores on the individual sixth-grade algebra and non-algebra GLCEs from 2005–
2007.  The combined algebra mean declined over the 3 years while the mean of the 
combined non-algebra expectations declined and then rose. 
2.  There were four algebra expectations and two non-algebra expectations for 
which the mean scores of Michigan seventh-grade students were not proficient each year 
from 2005–2007: 
a. A.PA.6.01 (Applied rate problems) 
b. A.FO.6.06 (Translating words into equations) 
c. A.FO.6.12 (Adding/subtracting the same value from equations) 
d. A.FO.6.13 (Multiplying/dividing the same value from equations) 
e. N.FL.6.14 (Estimating calculations done with rational numbers) 
f. G.TR.6.03 (Basic rigid transformations in a plane). 
The mean scores of Michigan seventh-grade students were proficient on one algebra 
expectation from 2005–2007 (A.RP.6.02—Plot ordered pairs of integers on a coordinate 
plane).  The mean scores of the combined algebra GLCEs and the combined non-algebra 
GLCEs were below proficiency for Michigan seventh-grade students from 2005–2007. 
 The major findings of this study concerning the selected GLCEs that answer 
Research Question 2 are:   
 
1.  There was no consistent improvement or decline in the mean of the scores of 
the four largest ethnic groups of Michigan students on the individual sixth-grade algebra 
and non-algebra GLCEs.  There was no consistent improvement or decline in the mean of 
the combined algebra scores and the combined non-algebra scores of the four largest 
ethnic groups of Michigan students. 
2.  Student scores, rather than proficiency percentages that depend on cut scores, 
show that the achievement gap between ethnic groups remains essentially the same from 
year to year. 
3.  There was an algebra expectation (A.RP.6.02—Plotting ordered pairs of 
integers in the coordinate plane) and a non-algebra expectation (N.ME.6.17—Locating 
rational numbers on the number line) that differentiated ethnic subgroups.   
 
Conclusion 
 From the results of how many mathematics expectations students are not 
mastering and from the persistence of the achievement gap between ethnic groups, 
educators have many challenges in using effective instruction, appropriate curriculum, 
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 In the section entitled ―How the No Child Left Behind (NCLB) Act Benefits 
African Americans,‖ the federal government’s website, www.ed.gov (U.S. Department of 
Education, 2008), states that closing the achievement gap is now a national priority.  It 
says that since schools are held accountable for the annual progress of all students, 
including minority students, the ―soft bigotry of low expectations‖ is now gone.  This 
statement can be contrasted to the predicament of secondary teachers who are expected to 
quickly lift minority students who are two or more grade levels behind academically to 
the level of proficiency on annual state assessments (Evans, 2005; Levin, 1987).  As 
someone who has struggled for years to find a way to make mathematics and science 
understandable and interesting to minority middle-school students, I am intensely 
interested in investigating ways to increase the mathematics scores on our state’s test, the 
Michigan Education Assessment Program (MEAP), for students who struggle with or 
dislike math.  Having been a math educator of minority students for more than half of my 
teaching career, I also pay close attention to what is occurring in the mathematics 
education of our state’s middle-school students that might impact minorities. 
 From my viewpoint, the theoretical framework of learning math is one of a 




dialectical relationship between the concrete and the abstract, by monitoring the cognitive 
load, and by maintaining the support for the learner until it is no longer needed.  The 




The No Child Left Behind Act (NCLB), federal legislation that renewed the 
Elementary and Secondary Education Act of 1965, provided requirements for states to 
develop assessments covering basic skills to be given to students in certain grades in 
order to receive federal funding, gave parents more flexibility in choosing their child’s 
school district, promoted an increased focus on reading and math, and enacted standards-
based education reform in the United States (Cawelti, 2006; Zellmer, Frontier, & Pheifer, 
2006).  This reform is based on the concept that setting high standards and setting 
measurable objectives will improve individual student outcomes.  It proposes to close the 
achievement gap and aims for 100% student proficiency by 2014.  After an 
overwhelming bipartisan majority, the No Child Left Behind Act (NCLB) was signed 
into law by President Bush on January 8, 2002 (Guilfoyle, 2006).  The renewal of NCLB 
has been pending since 2007 surrounded by a cloud of debate on the best way to build in 
improvements to the bill including Obama’s proposed increase in funding and 
replacement of the present accountability system (Adequate Yearly Progress) with 
nationwide state standards (Klein, 2009; Krigman, 2010). 
To fulfill the requirements of NCLB, in 2005 the Michigan Department of 
Education (MDE) adopted mathematics Grade Level Content Expectations (GLCEs) for 




Grade 3.  The content expectations required a portion of algebra that had formerly been 
taught in the seventh grade be included in the sixth-grade math curriculum.  This 
movement of algebra to an earlier grade caught my attention and increased my concern 
for many of my minority students who enter sixth grade without the cognitive skills that 
should have been nurtured to meet the demands of learning algebra. 
 
Statement of Problem 
Math achievement in algebra is difficult for early adolescent students (Dede, 
2004; Gray, Pinto, Pitta, & Tall, 1999; MacGregor & Stacey, 1997).  Looking at minority 
groups prior to No Child Left Behind, Kati Haycock, Director of the Education Trust, 
(2001) cites national achievement data: 
Only 1 in 50 Latinos and 1 in 100 African American 17-year-olds can read 
and gain information from specialized text—such as the science section in the 
newspaper (compared to about 1 in 12 whites). . . . About 1 in 30 Latinos and 
1 in 100 African Americans can comfortably do multistep problem solving 
and elementary algebra, compared to about 1 in 10 white students. (p. 6) 
 
NCLB was supposed to reverse the academic effects of bigotry, but the National 
Assessment of Educational Progress (NAEP) data and state test scores after 7 years of 
NCLB are used by some to claim that NCLB works and by others to assert that the gains 
are mixed and meager considering the investment states have given to mathematics and 
reading (Cavanagh & Manzo, 2007; Kober, Chudowsky, & Chudowsky, 2008).  No 
matter which interpretation of the NAEP data is used, the achievement gap between races 
still remains.   
 Yvette Jackson (2005) paints a vivid picture about students in U.S. classrooms:   
This [mistaken notion about race] is illustrated in schools, where many 
African American students with the capacity for high intellectual performance 




can elicit their attention, creativity, and potential.  They wait to excel to levels 
beyond the expectations their teachers and society have for them.  But 
misperceptions about race and a lack of teacher knowledge on how to elicit 
and nurture their potential keeps them waiting.  And for many, while they 
wait, the skills they have the potential to develop actually atrophy to the point 
of low performance, perpetuating the serious issue of African American 
students’ underachievement. (p. 203) 
 
The mean scores of students’ performance on the Trends in International 
Mathematics and Science Study (TIMSS) and the National Assessment of Educational 
Progress (NAEP) show that the achievement gap for minorities in the U.S. was narrowing 
up until 1980 but has remained static through 2007 (Committee on Prospering in the 
Global Economy of the 21
st
 Century, 2007; Kober et al., 2008).  The proposed remedy for 
the achievement gap is requiring Algebra I for all middle-school students in an increasing 
number of states.  Math educators in the U.S. are split in their support of this requirement 
in the middle-school.  Opponents are concerned that many students will not be 
developmentally ready for the abstract thinking necessary for algebra (Starr, 2003) and 
that requiring underprepared students to take algebra will set them up for failure 
(Loveless, 2008) whereas supporters view algebra as a ―gateway‖ course to enable 
minorities to share a rightful place in the economics of our society (Moses & Cobb, 
2001).  The National Council of Teachers of Mathematics (NCTM) does not advocate for 
eighth-grade algebra for all students.  Instead, they stress developing algebraic concepts 
and teaching algebraic thinking throughout the elementary and secondary-school 
experience along with adequate support for teachers (Fratt, 2006; Spielhagen, 2006).   
 The seventh-grade summary data of the Michigan Educational Assessment 
Program (MEAP) from the Michigan Department of Education (MDE) (see Appendix A) 




between ethnic groups decrease each year (Table 1), which seems to support the 
conclusion that the gap is decreasing between the ethnic groups for Michigan seventh 
grade students.  To illustrate further the need for clarity in what data to analyze, 
 
 
consider what the Director of the Education Trust, Kati Haycock (2006), stated, ―Our 
analysis of state assessment results from 2003 to 2005 . . . found that . . . in math, 29 of 
32 states showed improvement, 26 of 30 states showed gap [sic] closing between African 
American and White students, and 22 of 30 showed gap [sic] closing between Latino and 
White students‖ (p. 40).  The words ―state assessment results‖ cause me to suspect that 
this analysis used proficiency data that are based on wildly different state cut scores 
(Perkins-Gough, 2007) rather than comparing actual student scores to make this 
statement.  Not knowing about the deceptiveness of proficiency percentages, a reader 
would conclude that the achievement gap between ethnic groups was on the way to 
extinction.  Using passing rates or the percentage proficient to measure and report 
Table 1 
MEAP Proficiency Rates by Ethnicity 
Ethnic Groups Compared with Percent Proficient Asian Seventh-grade Students 
 2005 2006 2007 
Black -50 -49 -40 
Hispanic -36 -34 -27 
Ethnic Groups Compared with Percent Proficient White Seventh-Grade Students 
Black -41 -38 -32 
Hispanic -27 -23 -19 
Note:  From  MEAP State Demographic Reports, by Michigan Department of Education, 2005, 2006, 




changes in achievement can portray an inaccurate picture.  When cut scores are changed 
by state legislatures or state boards of education, the differences between subgroups can 
change even though the test scores of the subgroups do not.  Psychometrically, a change 
in the achievement gap should be measured by comparing actual scores (Barton, 2006; 
Bracey, 2006, 2007).   
 Appendix A displays graphically the performance of Michigan students on the 
mathematics portion of the MEAP for 2005, 2006, and 2007.  The graphs for 2005 and 
2006 show a dip in the percentage of proficient students on the seventh grade 
Mathematics MEAP which assesses the sixth-grade Algebra GLCEs, and it also 
demonstrates that the achievement gap between races still exists in our state.  The 2007 
results do not show a dip in percentage proficient for the seventh grade.  Is this something 
that should cause excitement or was there a change in the cut score? 
Information on sixth grade students learning algebra is sparse, but the authors on 
both sides of the eighth-grade Algebra 1 dispute are abundant.  For example, the articles 
with ―Algebra for Everyone‖ in the title report studies about eighth-graders taking 
Algebra 1 but nothing about how well sixth grade students are tackling algebraic 
concepts.  The National Center for Education Statistics (NCES) also lacks data on sixth 
grade students, but it has a wealth of longitudinal NAEP mathematics data for Grades 4, 
8, and 12.  The Michigan Department of Education in its yearly analyses of student 
performance data on the various mathematics strands and GCLEs at all grade levels 
unfortunately does not publish the grade level results (S. Viger, personal communication, 




In order to obtain data about student mastery of the sixth-grade mathematics 
GLCEs, it is necessary to analyze the scores of the seventh-grade MEAP test.  Since the 
testing window occurs during the first 2 weeks of October, the instrument is assessing the 
previous year’s learning.  Therefore, in spite of the apparent contradiction in terms, the 
focus and title of this project, ―Mastery of Sixth-Grade Mathematics Expectations as 
Measured by the Seventh-Grade Michigan Education Assessment Program from 2005 to 
2007,‖ is accurate. 
 
Purpose of Study 
The purpose of this study is to document sixth-grade mathematics mastery as 
measured by the seventh-grade Michigan Education Assessment Program (MEAP) over a 
period of 3 years:  2005, 2006, and 2007.  This study investigated whether mathematics 
performance in Michigan is related to ethnicity by analyzing student responses on the 




In the spring of 2004, when the MDE released the draft of their mathematics 
GLCEs, teachers and math consultants noticed that a rather large portion of the algebra 
that was at that time taught in the seventh grade was now included in the expectations for 
the sixth grade.  My reaction was similar to other teachers in our district and others 
around the nation.  Have our sixth-grade students been able to handle such an increase in 




2008; Steen, 1999)?  To investigate the answers to these questions, the following research 
questions were addressed by this project. 
1.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of Michigan seventh-grade students on the algebra GLCEs and their 
performance on the non-algebra GLCEs?  
2.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of the seventh-grade ethnic groups in Michigan on the algebra GLCEs 
and the non-algebra GLCEs? 
 
Significance of the Study 
 The results of this study showing the mathematics performance of Michigan 
middle-school students will be important to the state superintendent and state 
mathematics consultants, district superintendents, curriculum directors, and mathematics 
teachers in Michigan.  Moreover, the analysis of the various ethnic groups’ performances 
will help guide instructional and curricular decisions in a variety of educational settings.  
No matter if there is a large or a small difference between students’ or ethnic groups’ 
performance on the algebra as compared with non-algebra strands, the results will 
indicate either that adjustments in curriculum or instruction are needed or successes can 
be celebrated.  This study may also reveal improvements that can be made to the way 
mastery of the mathematics GLCEs is assessed on the MEAP test. 
 Our superintendents are familiar with our government’s attempts to close the 
achievement gap with compensatory education programs like Title I.  Yet the majority of 
educationally disadvantaged children appear to fall farther behind as they progress 




blaming the students, we should look at the tendency of our educational system to 
postpone challenging and interesting work for these ―slower‖ students and deprive them 
of a meaningful context for their learning by giving them worksheets to remediate the 
basics instead of purposefully developing their cognitive skills. 
State-level education supervisors and math consultants can assist district 
superintendents in finding systematic and consistent methods of identifying students 
needing extra mathematics support and additional training in developing algebraic 
reasoning throughout their elementary and middle-school years.  Henry Levin (1987) 
advocates for early and focused interventions to address the weaknesses of traditional 
compensatory education:   
The major challenge is that these successes [of existing intervention models] have 
been exceedingly modest relative to the achievement gap. . . . Any strategy for 
improving the educational plight of disadvantaged students must begin at the 
elementary level, and it must be dedicated to preparing children to do high quality 
work in secondary school.  Simply raising standards without making it possible 
for disadvantaged students to meet them is more likely to increase their dropout 
rate than to improve their education. . . . Unless this gap can be closed before 
students enter secondary school, the higher standards will discourage students far 
more than they will improve their performance. (p. 19) 
 
This identification process should not neglect the development of mathematical literacy 
and reasoning in all students.  Depending on the results of this study, curriculum directors 
may need to evaluate present curricula used in elementary and middle-schools to 
determine if the materials are suitable to develop students’ cognitive skills that will 
effectively equip them for the mathematics they will face in high school. 
The close link that arithmetic has with algebra makes the mathematics taught 
starting in kindergarten foundational for a student’s skill and confidence in algebraic 
thinking.  Proficiency with fractions (Brown & Quinn, 2007), visual growth patterns 




(Ketterlin-Geiler, Jungjohann, Chard, & Baker, 2007), practicing generalizing (Russell, 
Schifter, & Bastable, 2006), and using manipulatives (Hoff, 2001; Pascopella, 2003) have 
been used in U.S. elementary school mathematics classrooms to develop students’ 
algebraic reasoning.  Perhaps this study can encourage teachers to learn more about these 
strategies and to incorporate them into their instructional repertoire.  This study’s analysis 
of students’ ability in mathematics can be used to inform educators in designing 
elementary and middle-school mathematics curriculum for their districts and in planning 
professional development for their teachers. 
 
Limitations and Delimitations 
 The Michigan Educational Assessment Program assesses all core areas.  Science 
and Social Studies are tested in specific grade levels, whereas mathematics and language 
arts are assessed at each grade level for Grades 3 through 8.  This study is limited to the 
mathematics portion of the seventh-grade test.   
 In order to have access to all of Michigan’s seventh-grade mathematics MEAP 
responses, I did not ask for the school districts of the students to be identified.  This made 
approval of both Institutional Review Boards (Andrews University’s and Michigan 
Department of Education’s) a manageable process.  If the students’ scores had been 
identified by district with the MEAP data, it would have been possible in some districts 
that have small numbers in their subgroups for the district to be identified and for 
individual students to be recognized.  Thus, I limited the data request to gender and 
ethnicity. 
 The analysis of the data received from the Michigan Department of Education 




released items for each GLCE.  But since the test items available for public use were cut 
in half beginning with the 2007 test, the comparison of the test items across the 3 years 
has some limitations. 
 Following the cautions concerning using data expressed in percentage proficient 
as explained by the Center on Education Policy (Kober et al., 2008) and by the Thomas 
B. Fordham Institute (Cronin, Dahlin, Adkins, & Kingsbury, 2007), I chose to use student 
responses and means to compare subgroups.  To illustrate the possible effect of using 
proficiency percentages that are based on cut scores, if a state should lower a cut score, 
the scores of the students in the subgroups do not change but the relative difference in the 
students’ scores can be larger or smaller at the new value of the cut score. 
 
Definition of Terms 
 Educators, like many other segments of our society, have a language of 
abbreviations and acronyms that can be a foreign language to readers not involved in 
education.  The following definitions are to reduce possible confusion. 
 
Michigan Educational Assessment Program 
 Michigan Educational Assessment Program (MEAP) is the criterion-referenced 
test used in Michigan to report student achievement in core subject areas to determine if 
school districts meet Adequate Yearly Progress (AYP) and thereby satisfy No Child Left 
Behind (NCLB) requirements.  Mathematics and English Language Arts are tested in 
each grade level from Grades 3 through 8.  Science is tested in Grades 5 and 8.  Social 




Content Expectations (GLCEs) that outline what skills students need to master at each 
grade level.   
 
Michigan Mathematics Grade Level Content Expectations 
 There are three types of expectations:  Core, Extended Core, and Future Core.  
Core expectations are in the benchmarks commonly taught at this grade level.  An 
expectation that is new to the grade level is labeled Future and does not count toward 
Adequate Yearly Progress (AYP).  If an expectation is a prerequisite to a Core 
expectation, then it is Extended Core and does not contribute to the AYP state report card 
grade.  Michigan first adopted GLCEs in December of 2005.  Four years later, aligned 
with the 2006 NCTM Focal Points, Michigan Department of Education released the 
Michigan Focal Points Core and Extended Designations in March 2009.   
 
Released Items 
 Each year prior to 2009, the Michigan Department of Education (MDE) released 
to the public test items used on the MEAP test to assess student mastery of the content 
expectations.  In 2005 and 2006, for each Core expectation, MDE released three test 
questions.  To maintain the test bank, the number of released items was cut in half in 
2007.  This meant that for some GLCEs one item was released while for others there 
were two.  Starting with the 2009 test, MDE no longer released test items. 
 
Adequate Yearly Progress, Safe Harbor, Corrective Action 
 Adequate Yearly Progress (AYP) is the measure used to monitor the progress of 
Michigan schools and districts in raising student achievement. Schools/districts that fail 




improvement plans which must budget a portion of their Title I funds for professional 
development to support their plans.  It includes requirements for MEAP test results (54% 
seventh-grade mathematics proficiency in 2006-2009), participation rates in the MEAP 
test (95%), attendance rates, and graduation rates.  If the schools/districts continue to fail 
for 3 or more consecutive years, they must implement specific corrective actions that may 
include offering state-approved tutoring services, continuing professional development 
for their teachers, offering transportation for students to attend other districts, 
restructuring the school, providing a new curriculum, and other actions (Fisher & Frey, 
2007; Fisher, Frey, & Lapp, 2009; MDE, 2008b).  If a school fails to meet AYP, making 
―Safe Harbor‖ will enable a school to be exempt from additional corrective action if the 
percentage of students in the non-proficient category was reduced by at least 10%.  
MEAP results are separated into four Performance Levels based on the range of the 
student’s scaled score:  1=Advanced, 2=Proficient, 3=Partially Proficient, 4=Not 
Proficient.  Students whose scaled scores are in the range of Performance Levels 1 and 2 
are considered Proficient.  The cut scores rise with the grade level.  That is, proficient 
third-grade students score 300 or above, fourth-grade students score 400 or above, and so 
on (MDE, 2006c). 
 
Education YES!—A Yardstick for Excellent Schools, 
School Report Card 
 
 Education YES!—A Yardstick for Excellent Schools (Ed YES!) is the Michigan 
accreditation system to measure how well a school is performing.  Each school is 
evaluated on:  performance management systems, continuous improvement, curriculum 




opportunities, arts and humanities education, advanced coursework, family involvement, 
student attendance, a 4-year education and employment plan, school facilities, and 
measures of student achievement that include up to 3 years of results on the MEAP (i.e., 
Adequate Yearly Progress).  This accountability system assigns letter grades to each 
school for academic achievement and the indicators listed above to determine the 
school’s accreditation.  This composite school report card grade is available online for 
parents, citizens, teachers, and administrators to view (Michigan State Board of 
Education, 2003).  For the 2010–11 school year, Ed YES! will be replaced by the 
Michigan School Accreditation System (MI-SAS) which is designed to give a more 
complete picture of school performance. 
 
Trends in International Mathematics and Science Study 
 Trends in International Mathematics and Science Study (TIMSS) is one of three 
international assessments in which the United States participates.  It measures 
mathematics and science achievement of fourth- and eighth-grade students from the U.S. 
and over 60 other countries.  TIMSS data have been collected in 1995, 1999, 2003, and 
2007 and organized by the International Association for the Evaluation of Educational 
Achievement (IAEA) (Gonzales, 2008).   
 
National Assessment of Education Progress 
 The National Assessment of Education Progress (NAEP) is a nationally 
representative assessment of American students given periodically on a continuing basis.  
The test is administered uniformly across the United States and remains basically the 




subject areas:  mathematics, reading, science, writing, the arts, civics, economics, 
geography, and U.S. history (Kober et al., 2008). 
Summary 
 This chapter explained the necessity of using the scores of the seventh-grade 
mathematics MEAP test in order to get a picture of the sixth-grade mastery of the Grade 
Level Content Expectations.  With our nation’s emphasis on school accountability for the 
No Child Left Behind Act, attention is being put on standardized testing and the 
performance of all students, including minorities and students with disabilities.  
Therefore this current study gives documentation as to how one grade level of Michigan 
students is responding to this age of Adequate Yearly Progress in the area of 
mathematics.  This chapter described this project by stating the problem, the purpose, the 
questions to be researched, the significance, the limitations and delimitations, and by 














 After its release, state governments reacted to the 1983 National Commission on 
Excellence in Education’s report, A Nation at Risk, by increasing the number of math and 
science courses required for high-school graduation, instituting high-stakes testing of 
student achievement, and making sure that districts align curricular content with student 
testing and teacher training (Smith, 2004).  Six years later the National Council of 
Teachers of Mathematics (NCTM) released the 1989 Curriculum and Evaluation 
Standards for School Mathematics, and the journey of aligning instruction, curriculum, 
and assessment with standards had taken an enormous step.  Another version of the 
NCTM Standards was published in 2000 and, in reaction to ―mile-wide and inch-deep‖ 
criticisms, NCTM (2006) released the 2006 Curriculum Focal Points for 
Prekindergarten Through Grade 8 Mathematics to urge math educators to focus on a 
small number of important and significant mathematical targets for each grade level 
(Olson, 2006; Popham, 2009).  President George W. Bush ushered in nationwide 
achievement testing with the 2002 No Child Left Behind Act.  Now with President 
Obama’s 2009 introduction of the Race to the Top (RTTT) requirements, the Michigan 
Department of Education (MDE) announced a timeline that scheduled the Michigan State 




developed by the National Governors Association Center for Best Practices and the 
Council of Chief State School Officers sometime in June 2010 (MDE, 2010).  Thus it 
appears as if the next step in this journey is a nationwide initiative toward fewer, clearer, 
and higher standards that are more consistent across the nation (Phillips & Wong, 2010). 
 The standards movement brought to the forefront issues of reliability and validity 
and gave life to concepts and procedures such as: Item Response Theory, individual item 
validity evidence, scale score validity evidence (Office of Educational Assessment and 
Accountability [OEAA], 2007), Differential Item Functioning (OEAA, 2007; Walker, 
Zhang, & Surber, 2008), and item content alignment (Kulm, Wilson, & Kitchen, 2005).  
If the evaluation of schools and districts hinges on the results of a single achievement 
test, it needs to be a quality test.  Validity is the combined responsibility of the test 
developer and the test user based on accumulated evidence from the test content, the 
extent to which items measuring the same thing are correlated, and the consistency of the 
hypothesized item response processes and the actual processes used by students.  The 
validity of the test questions on the 2003 NAEP was studied by D’Ambrosio, Kastberg, 
and Lambdin (2007).  They found that real-world context, different wordings, reading 
load, and symbolic mathematical language can accompany changes in student 
performance and thereby interfere with the question’s ability to measure the student’s 
mathematical ability and understanding.  If sanctions are to be made based on the 
soundness and trustworthiness of test results, then it is critical that students be tested only 
on those things that they have had a fair chance to learn (Lane & Silver, 1999; Linn, 




assess a skill and a range of difficulty in the items so that 40% to 70% of the students will 
be correct (McMillan, 2008).   
 R. Murray Thomas (2005) voiced the criticism that, because of the focus on 
accountability and assessment, the definition of being a well-educated person has 
diminished to a single test score that cannot measure a person’s initiative, creativity, 
responsibility, and critical thinking and organizational skills.  High-stakes tests are most 
usually multiple choice items with a few constructed response questions if the budget 
allows.  This means that the few constructed response questions which measure the 
higher cognitive levels of learning—understanding and application—are far out-
numbered by the multiple choice questions.  The result is a high-stakes state test that 
generally reveals just a portion of a student’s knowledge level, the ability to recognize a 
correct answer but not the ability to freely recall from memory the strategy to use to 
obtain the correct response (Chazan et al., 2007; McMillan, 2008; Thomas, 2005).  In 
other words, state assessments cannot measure the more complex learning targets that are 
at the heart of instruction (Brookhart, 2009; Chappuis, Chappuis, & Stiggins, 2009).  
Perhaps the promising on-line assessment technology can be used in the future to form a 
more accurate picture of a student’s problem-solving skills (Tucker, 2009). 
 Our national education accountability system is not going away but assumes that 
students’ performances on state and national assessments indicate the effectiveness of the 
instruction that the students have received and the quality of their school systems 
(Popham, 2009; Thomas, 2005).  Researchers question this assumption.  State-determined 
content standards are meant to guide curriculum, but there are inevitable inequities and 




achievement gaps between districts and ethnic groups persist despite fluctuations from 
year to year (Linn, 1999; Schmidt & Cogan, 2009).  Murray Thomas (2005) was among 
critics who bemoan that this system provides more than 40 ways for schools to fail 
Adequate Yearly Progress (AYP), causing many excellent schools to be labeled as failing 
and that districts narrow their curricula to focus on the content areas that count toward 
AYP.   
 Concerns about assessment will not go away, and it is good that they remain to 
make sure that tests are properly designed and the results used appropriately.  Zenaida 
Aguirre-Muñoz and Eva Baker (1999) advocate for the English language learners (ELL) 
whose content understanding is likely to be underestimated due to the language of the test 
and the nature of standardized tests that decontextualize assessment tasks.  Gary Bracey 
(2009) is a vocal critic of the National Assessment of Educational Progress (NAEP), the 
gold standard of achievement tests.  He feels that the NAEP is too long of a test that is 
not taken seriously since results are not reported to students and whose proficiency levels 
are set unreasonably high.  Taking aim at the Trends in International Mathematics and 
Science Study (TIMSS) test, Bracey derides the assertion that TIMSS is the sole measure 
of the effectiveness of educational systems worldwide and disputes the claim that a 
connection exists between TIMSS scores and a country’s economy (Bracey, 2009).  
Gray, Nettles, and Millett (1999) voice the concern that standardized testing serves as a 
barrier that prevent minorities from accessing opportunities in education and employment 
for which they are qualified. 
 All teachers and administrators need to be assessment literate.  On the classroom 




learning target combined with student involvement in the assessment process and 
effective communication of the assessment results can turn testing into a learning 
experience.  On the district and state level, educators need to know the purpose of testing 
along with knowing the limitations and the strengths of the information these tests 
provide about students and schools.  Perhaps then the general public, the media, and 
policy makers can be educated also and can avoid blindly accepting the validity of all 
tests for whatever purpose (Amrein-Beardsley, 2009; Chappuis et al., 2009; Scherer, 
2009).  
 
Michigan Grade Level Content Expectations 
Michigan has been on the cutting edge of this national ―standards-based‖ reform 
effort and has to continually adjust requirements to comply with the No Child Left 
Behind (NCLB) Act.  Our state now calls for school districts to meet satisfactorily 
Adequate Yearly Progress (AYP) or face Corrective Action.  Each fall, school districts 
must administer to students in Grades 3 through 8 the Michigan Education Assessment 
Program (MEAP) that evaluates students’ mastery of our state-mandated grade level 
content expectations (GLCEs) in Mathematics, English Language Arts or ELA (i.e., 
Reading, and Writing).  If AYP is met, the ―report card‖ grade for the school from 
Education YES! will be C or above. 
 The introduction to the Michigan Department of Education’s (2005c) 12.05 
version of the Michigan K–8 Grade Level Content Expectations (GLCEs) mentions the 
NCLB mandates for grade level assessments based on rigorous grade level content.  It 
also states that mastery of the GLCEs will increase our students’ academic success and 




In order to maintain competitiveness, our legislators want our education system to be 
more effective in producing the necessary labor force.  However, the Trends in 
International Mathematics and Science Study (TIMSS) and the National Assessment of 
Educational Progress (NAEP) point to the sad state of the curriculum in the United States 
with terms such as unfocused, repetitious, too many standards, and lacking rigor when 
compared with the curricula of other nations (McClure, 2003; Olson, 2006; Smith, 2004; 
Van de Walle, 2007).  In fact, Beth Greene, Marlena Herman, and David Haury (2000) 
feel that the eighth-grade mathematics curriculum in the U.S. is more like the average 
seventh-grade curriculum for other countries participating in TIMSS.  In their synthesis 
of research, the Office of Educational Research and Improvement reports that the quality 
of the mathematics standards developed by the states varies from too vague and broad to 
omitting challenging academic content.  They point to educators being more concerned 
about what is on the state assessments than on their students being able to learn the 
knowledge and skills identified in the state- and national-level standards (Apthorp et al., 
2001; Thomas, 2005). 
 In June 2004, the first draft version of the Michigan GLCEs was released.  The 
sixth-grade GLCEs had a number of algebra expectations that included algebraic symbol 
manipulation (see Appendix B).  At first glance, this appears to agree with the 2000 
revision of the NCTM (2000) standards which emphasized the need to prepare all 
students for algebra beginning in kindergarten and progressing through each grade.  It 
also is aligned with the results of the TIMSS which found that the problem with 
American students is not with computational skills but with advanced mathematical 




and Gagnon (2002) add the warning that we need to follow the recommendations of the 
2000 NCTM Standards which urge using concrete objects, group discussions, real-world 
applications, and teacher facilitation to develop these higher order thinking skills starting 
in kindergarten.  But the 2000 NCTM Standards also emphasize that basic mathematical 
skills matter (a shift from their 1989 standards).  Evers and Milgram (2000) agree and 
feel that the algebraic symbol manipulation that is part of the sixth-grade GLCEs requires 
both basic skills and conceptual understanding to master. 
Developing students’ conceptual understanding of mathematics is one of the aims 
of the inquiry-based (also known as constructivist) approach to mathematics instruction.  
The RAND Corporation’s (Le et al., 2006) longitudinal study found a disappointing weak 
relationship between this reform-oriented instruction and student achievement.  The Rand 
study can be compared with the recommendations of the Office of Educational Research 
and Improvement (Apthorp et al., 2001) that stress the importance of balancing teaching 
for conceptual understanding and practicing for procedural fluency.  Understanding the 
concepts makes learning skills easier, and a certain level of procedural skill is required to 
learn many math concepts with understanding (Apthorp et al., 2001; Ramos-Christian, 
Schleser, & Varn, 2008; Rittle-Johnson, Siegler, & Alibali, 2001).  But if Michigan’s 
math classrooms are similar to those in the 1999 TIMSS-R video study, then more 
teaching for conceptual understanding needs to happen.  The study reported that 99.5% of 
conceptual problem-solving lessons in the United States reverted to the teacher showing 
students how to solve the problem compared to 46% to 52% of lessons in Hong Kong, 
Japan, and the Czech Republic.  It appears that teaching in countries scoring high on the 




Principles and Standards for School Mathematics (Van de Walle, 2007) than American 
teaching. 
 
Algebra for All 
 The pressure to meet the requirements of NCLB and the demands to improve the 
U.S. global academic standings have drawn attention to a growing trend to require all 
students to take algebra by the eighth grade.  Nationwide, more U.S. eighth-graders take 
algebra than any other math course (Loveless, 2008).  California now requires all 
students to complete Algebra I to graduate with a regular diploma and will require by 
2011 all eighth-graders to take algebra (Cavanagh, 2008; Loveless, 2008).  Sarah 
Lubienski and Michele Crockett (2007) correlated higher 2003 NAEP scores with eighth-
grade students taking algebra during the year of the test.  In contrast, the 2007 NAEP 
results indicate that there is no correlation between students taking advanced math classes 
and scoring well on the NAEP test.  In fact, the NAEP scores of eighth-graders taking 
advanced math declined significantly (Loveless, 2008; Toppo, 2008).   
Yet, Frances Speilhagen (2006) used related NAEP data to say that students 
studying algebra in the eighth- or seventh-grade performed better on their state 
standardized assessments.  Similarly, while studying immigrant students and their 
mathematics achievement, Jia Wang and Pete Goldschmidt (1999) found that eighth-
grade students who took algebra scored higher on the California Test of Basic Skills.  
Including longitudinal data, Wang and Goldschmidt (2003) found that middle-school 
mathematics achievement was significantly related to high-school mathematics 
achievement.  Taking algebra in middle-school benefited the self-esteem of gifted 




of regular students.  These results led Xin Ma (2002) to conclude that students need to be 
cognitively and affectively prepared in order to benefit from accelerating their math 
course taking in middle-school. 
 A Long Island school district that accelerated all their middle-school students’ 
math courses was studied from 1995-2000 (Burris, Heubert, & Levin, 2006).  The results 
showed that all groups, including minority students, low SES students, and students of all 
levels of mathematics ability, significantly increased the probability that they would 
complete advanced math courses in high school.  This study found no evidence that 
increased numbers of students fell behind grade level or dropped out of mathematics as a 
result of universal acceleration.  As an added bonus, this district’s initial lowest achievers 
exceeded the national average in taking advanced mathematics in high school. 
 Both supporters and opponents of requiring algebra of middle-school students do 
agree that changes in the U.S. mathematics curriculum and instruction are necessary to 
correct the present situation of students with low skills being expected to learn advanced 
math.  Robert Moses, who regards algebra as a civil right, formed the Algebra Project 
which is a middle-school mathematics curriculum using visual drawings and physical 
models to transition students from the concrete to the abstract coupled with professional 
development to give teachers effective algebra teaching techniques (Center for 
Multicultural Education, 2008).  Sara Morgatto (2008), who views the algebra 
requirement as a possible obstacle to a high-school diploma for math-averse students, 
advocates teaching age-appropriate algebra concepts in a K–12 initiative that also 
prepares teachers to be qualified to teach algebra.  Tom Loveless (2008), who identified 




math skills, urged states to focus on learning the algebra, not on students completing a 
course.  He also recommends that schools teach and assess the prerequisite skills for 
algebra with early intervention for deficits identified in the elementary grades.  Pointing 
out the lack of research on the choice of the eighth-grade deadline, Loveless pushes not 
for lowering expectations but for more students to learn algebra at eighth grade or later.  
Preceding Loveless, Lynn Steen (1999) urged middle-school principals considering 
eighth-grade algebra to first determine if their students and teachers are ready, if the 
textbook serves all students well, and if the teachers believe the program can succeed.  
Lisa Pratt (2006) added the admonition for districts to build a foundation of rich 
mathematics at the elementary level, to give sixth- and seventh-grade students grounding 
in pre-algebra concepts, and to support teachers with content knowledge and pedagogical 
training.  
 
Development of Algebraic Reasoning 
 ―Algebraic thinking or algebraic reasoning involves forming generalizations from 
experiences with number and computation, formalizing these ideas with the use of a 
meaningful symbol system, and exploring the concepts of pattern and functions‖ (Van de 
Walle, 2007, p. 259).  James Kaput (1999, 2000) identifies five forms of algebraic 
reasoning:  (a) Generalization from arithmetic or from patterns in all fields of 
mathematics; (b) Meaningful use of symbols, (c) Study of the structures in the number 
system, (d) Study of functions and patterns, and (e) Process of mathematical modeling 
that incorporates the previous four.  NCTM (2000) describes the algebra strand as: 
understanding patterns, relationships, and functions; analyzing mathematical structures 




analyzing change in different contexts.  Vasilii Davydov (1990) elaborates on the 
definition of generalization, dividing it into process and product.  He writes that the 
process of generalization is the student’s transition from a description of the properties of 
a particular object to discovering a whole class of similar objects by singling out certain 
stable, recurring properties of those objects.  The product of generalization occurs when 
the search for a certain invariant in those similar objects and their properties results in the 
designation of the invariant by a word that, in turn, is used to identify other objects 
possessing that invariant property. 
 The development of algebraic reasoning can be viewed from different 
perspectives using several theoretical frameworks.  Each one has produced a variety of 
instructional strategies in mathematics classrooms.   
 
Piaget and Information Processing Theory 
To explain how children’s thinking develops, Piaget suggested that assimilation 
and accommodation produce cognitive changes in all children in four progressive stages:  
Sensorimotor, Preoperational, Concrete Operational, and Formal Operational, in that 
order.  Other researchers, adopting an information processing approach, have proposed 
that cognitive change is the result of four change mechanisms:  automatization, encoding, 
generalization, and strategy construction, that work together to improve children’s 
thinking (Siegler, 1998).  But the application of these theories to algebraic reasoning is 
rarely addressed in current literature.  A sizeable portion of the research done on 





 The concrete operational child (about age 7 to age 12) can use thinking to solve 
concrete problems limited to the here and now.  Usually children younger than 10 or 11 
do not automatically organize randomly arranged objects.  According to Piaget’s theory, 
this stage of cognitive development would not enable a student to engage in the use of a 
meaningful symbol system or to make the generalizations necessary for the algebra grade 
level content expectations.  A portion of adolescents, however, do achieve Piaget’s level 
of formal operations around age 12 where they are able to think abstractly about what 
might be true and either formulate or test hypotheses (Papalia, Olds, & Feldman, 1998).  
The abstract and systematic thinking of scientific and logical reasoning develop greatly 
during the formal operations stage (Siegler, 1998).  There also are interactions between 
neurological and environmental influences that combine to bring about cognitive 
development.  Thus, if an adolescent’s neurological development is advanced enough to 
allow formal reasoning, environmental stimulation in the form of questioning, explaining, 
and disagreeing is necessary for the child to attain the formal stage of reasoning (Papalia 
et al., 1998).   
 With Piaget’s stages as a basis, teachers have been trained to develop algebraic 
reasoning in students with disabilities using interventions such as:  teaching prerequisite 
skills, providing direct instruction in problem solving and self-monitoring procedures, 
using organizers, using manipulatives, and teaching conceptual knowledge in sequence of 
concrete, to semiconcrete, to abstract with effective instructional strategies (Gagnon & 
Maccini, 2001).  But when students must formalize their ideas using a meaningful 
symbol system, most Australian 13- to 15-year-olds in a 1981 study done by Hart (as 




interpreting letters as generalized numbers or unknowns.  Hart attributed this inability to 
a lack of the necessary level of cognitive development referring to Piagetian levels.  
Working separately in Texas and Delaware, Mary Capraro and Heather Joffrion (2006) 
came to a similar conclusion with their study of over 660 students of the same age group 
who were deemed not procedurally or conceptually ready to translate from written words 
into mathematical equations.  Compounding students’ problems with symbolic notation is 
the arrangement of textbooks and teachers’ beliefs that assume that symbolic problem-
solving comes before verbal problem-solving.  Three separate studies of mathematical 
reasoning found that students had more difficulty with solving symbolic equations than 
with solving word problems (Koedinger & Nathan, 2004; Nathan & Koedinger, 2000; 
Nathan, Long, & Alibali, 2002).  This was supported by the results of the 2003 NAEP 
reported by Daniel Chazan and his associates (Chazan et al., 2007). 
 Even if Piaget’s cognitive stages are not used as a theoretical foundation, 
information-processing theories of cognitive development share two vital points with 
Piaget.  The first is that there is a progression in a hierarchy of structures or organizations 
that become more powerful with the age of the child.  Second, the higher level 
organizations require more information processing demands than the lower-level systems 
(Halford, 1987).  Case uses the terminology of control structures to integrate Piaget’s 
theory with information-processing theory.  Klahr and Wallace refer to production 
systems while Siegler’s evolutionary theory has rules (Halford, 1987; Siegler, 1998; 
Wood, 1998).  Literature using either Piaget’s levels or information-processing theory 
indicates that the cognitive development a child has attained affects their ability to master 




Reder, & Simon, 1998; Halford, 1987; Mevarech & Kramarski, 2003; Nunes & Bryant, 
1996; Sloutsky & Morris, 1995; Wood, 1998). 
 
Cognitve Load Theory 
 Originating in the 1980s, Cognitive Load Theory (CLT), in addition to being used 
to design adaptive computer-assisted learning environments, can offer insights and has 
been applied to mathematics instruction.  From a CLT viewpoint, algebraic tasks such as 
translating words into equations or solving a real-life problem are complex learning 
situations with high intrinsic cognitive loads.  CLT offers a framework to determine the 
instructional design that will make the best use of interactions between information 
structures and knowledge of human cognition and decrease as much total cognitive load 
(intrinsic and extraneous) as possible (Ayres, 1996; Pawley, Ayres, Cooper, & Sweller, 
2005; Ramos-Christian, Schleser, & Varn, 2008; van Merriënboer & Sweller, 2005).  
With echoes of some of Marzano’s best practices, the instructional designs shown to be 
effective for teaching mathematics from a CLT perspective include: accessing prior 
knowledge, chunking tasks with high intrinsic load to stay within the learner’s zone of 
proximal development, giving worked examples followed by partial examples to 
complete, giving cues and advanced organizers in the appropriate time, and giving the 
student practice (Paas, Renkl, & Sweller, 2003; Schnotz & Kürschner, 2007).  
 
Dialectical Theory of Thought 
 For Vasilii Davydov, Piaget’s four stages were not complete enough.  Piaget’s 
level of formal reasoning, in Davydov’s opinion, was equivalent to thought that stays at 




Vygotskian theory, he considered Piaget’s theories to be one-sided, emphasizing 
mathematical-logical empirical thought to the neglect of theoretical scientific dialectical 
thought.  Using principles of deriving concrete knowledge from abstract knowledge 
(―ascent from the abstract to the concrete‖ [Davydov, 1990, p. 371]), in the 1960s 
Davydov designed an experimental mathematics instructional program for students in 
Grades 1 to 5.  When students were able to detect the connections that determined the 
content of the given concept (i.e., theoretical knowledge), they represented these 
relationships in the form of letter formulas in order to study their properties and to be able 
to derive the individual from the general.  From 1964 to 1967, G. G. Mikulina (1991) 
inserted Davydov’s curriculum into Moscow’s traditionally oriented mathematics 
instruction for Grades 1 through 4 in order to teach the concept of real numbers, which 
contains the underlying concept of quantity.  The result was first- and second-grade 
students writing symbolic linear equations to represent the relationship of quantities in 
word problems.  Then the third- and fourth-grade students were able to solve the 
symbolic linear equations that they created from their own understanding of the 
relationships between the quantities presented in word problems.  Similarly, Jean 
Schmittau (2004) implemented the same curriculum in a U.S. elementary school setting 
and reported her third-graders solving problems and equations normally given to 
American high-school students. 
 
Sociocultural Theories of Learning 
 In addition to his sequential stages, Piaget (2008) indicated that ―the speed of 
development, however, can vary from one individual to another and also from one social 




different in different environments, knowledge construction involves a biological system 
that aids in organizing information, and different social interactions and cultural practices 
lead to differential development (Mackay, 2006; Maynard, 2008).  Researchers were 
discovering that cognitive development and culture are linked.  Caughy, O’Campo, 
Randolph, and Nickerson (2002) found that African American pre-schoolers who were 
raised in homes rich in African American culture had greater factual knowledge and 
higher developed problem-solving abilities.  In a study of fifth-grade students, Hurley, 
Boykin, and Allen (2005) found that a communal learning environment helped African 
American students learn math estimation better. 
 When the interaction of culture with cognitive development is applied to math 
education, a framework that mirrors the development of algebraic reasoning must include 
―classroom interactions, student preconceptions, teachers’ beliefs about mathematics and 
learning, how teachers’ beliefs and instructional practices shape the learning 
environment‖ (Nathan & Koellner, 2007, p. 180).  For algebraic reasoning to become part 
of a student’s intellectual repertoire, it will be necessary to maintain high mathematical 
expectations for students while integrating algebra concepts throughout the K–12 
curriculum, as James Kaput (1995, 2000), David Hoff (2001), and Leanne Ketterlin-
Geiler et al. (2007) advise over the long term, and to broaden educational practices used 
in the classroom to leverage cognitive and behavioral competencies in all students so that 








To Lev Vygotsky, the cultural development of a child (personality development, 
synthesis of cultural emotions, and behavioral mastery) leads to higher mental function.   
The main theme of Vygotsky’s scientific inquiry is the social nature of this cultural 
development, or what was once social becomes individual.  In contrast to Piaget’s linear 
picture of the level of development of the child determining what is capable of being 
learned and accommodated, Vygotsky’s zone of proximal development (ZPD) gives the 
image of learning leading development.  What the student learns with help today is done 
alone tomorrow and becomes permanent with internalization, thus directing development 
(Levykh, 2008). 
In a sixth-grade mathematics classroom in a large urban setting, researchers 
applied Vygotsky’s explanation of verbal thinking and ZPD to analyze the students’ 
search for a mathematical formula to predict a pattern of numbers.  Their analysis 
monitored how the teacher’s questions and the students’ discussion enabled many ZPD’s 
to be maintained simultaneously (Zolkower & Shreyar, 2007).  A zoologist combined 
Vygotsky’s ZPD with problem-based learning and reported feeling a sense of loss when 
the students were so successful that they seldom asked him for help (Harland, 2003).  
Stephan Lerman (2001), a mathematics education researcher at London South Bank 
University, used Vygotsky’s theories to synthesize cultural psychology with discursive 
psychology.  As a result of his research in math education, he commented about the 
fragility of the ZPD and the resulting necessity for it to be sustained in order for the 
desired semiotic mediation and interaction to occur.  Vygotsky’s theory of learning has 




Communities of Practice and 
Situated Cognition 
 
 It is difficult at times to differentiate the writings of Etienne Wenger and Jean 
Lave.  They share similar views on how learning occurs, and if they had included the 
zone of proximal development in their work, they might have been able to claim that 
Vygotsky had been the author.   
 Wenger (1998) started with the assumptions that: (a) We are social beings; (b) 
Knowledge is competence with respect to valued activities; (c) Knowing is a matter of 
active engagement with the world; and (d) Learning is to make our engagement with the 
world meaningful.  He outlined four components of his social theory of learning: learning 
as belonging (community); learning as becoming (identity); learning as doing (practice); 
learning as experience (meaning).  In the Acknowledgements, he admitted that neither he 
nor Jean Lave, his collaborator, could remember which one had first introduced the term 
community of practice, but the term has remained and is included in writings on situated 
cognition. 
 Before the term had been coined and before Jean Lave hosted 40 mathematics 
educators in 1997 in a seminar to determine the place situated cognition had in 
mathematics education, Jean had transformed her concept of learning into a social 
practice theory after researching Liberian tailor apprentices.  Her experience raised 
questions about the efficacy of standard educational practices in schools instead of doubts 
about informal educational practices such as those of Liberian apprentices (Lave, 1996). 
 From the situated perspective, a distinction is made between school mathematics, 
everyday mathematics, and workplace mathematics.  Education is seen as social with the 




& Winbourne, 2008; Nasir, 2002).  Situated cognition advocates draw upon Davydov’s 
view of abstraction and Leontiev’s activity theory:   
The source and the basis of all human knowledge is practical activity.  During 
activity individuals draw upon features and potentialities of objects, artifacts and 
cultural-historical concepts.  In activity human cognition acts at two different 
levels: empirical and theoretical thought.  Empirical thought is necessary for the 
creation of everyday conceptions by means of establishing particular connections 
and relationships through sensory observations.  The generation of scientific 
concepts, however, requires theoretical thought which is necessary to develop 
comprehensive interrelationships on the basis of mental transformations of the 
features and the potentialities of the objects. . . . [Abstraction] is not an ascent 
from the concrete to the abstract but a dialectical relationship, a to and fro, 
between the concrete and abstract.  The concrete and abstract are correlated with 
one another. (Ozmantar & Monaghan, 2008, p. 109) 
 
 In response, critics maintain that some claims made by situated learning 
theorists have been misapplied to mathematics education.  The claim that learning is 
bound to the situation in which it occurs is disputed since mathematical competence 
is not always contextually bound and can transfer successfully.  The tendency for 
some skills like those of a tax accountant to be better learned separately gives 
detractors ammunition against the situated assertion that a highly social environment 
is necessary for learning (Anderson, Reder, & Simon, 1998).   
 
Developing Mathematical Reasoning 
 Algebra is just one of five interconnected content strands of mathematics 
identified by the NCTM and the MDE.  To fully develop mathematical reasoning, 
students need to experience an engaging, comprehensive, and coherent curriculum 
delivered through quality mathematics teaching.  In the 2000 Principles and Standards 
for School Mathematics (NCTM, 2000), the five process standards (Problem Solving, 




all the content standards (Number and Operations, Algebra, Geometry, Measurement, and 
Data Analysis and Probability) to give U.S. students a common foundation for the 
mathematical skills attained from kindergarten through Grade 12.  Broadly, mathematical 
reasoning is an analytical, creative, and practical process which Sternberg (1999) 
describes as involving:  identifying the problem, formulating a mental representation, 
apportioning resources to the solution, and evaluating the solution.   
 In this section, the non-algebra strands are discussed in terms of the NCTM 2000 
standards followed by research literature that describes models depicting how students 
learn concepts associated with that strand.  To conclude the discussion of each strand, 
current educational practices that best teach the strand to students are briefly discussed. 
 
Number and Operations 
 Number is a complex and multifaceted concept, and the structural properties of 
systems of numbers that are to be mastered in this standard are the principles that govern 
equation solving in algebra.  Instructional programs, according to NCTM (2000), should 
enable students to understand number, understand the meanings of operations, compute 
fluently, and make reasonable estimates.  The overlap of the strands can be seen in 
Geometry and Measurement that describe attributes using numbers, and in Data Analysis 
and Probability that is devoted to making sense of numbers.   
 Thomas Carpenter (1979) characterized Piaget’s framework of a child’s 
development of number concepts as stages beginning with conservation followed closely 
by seriation, including the coordination of cardinal and ordinal concepts and class 
inclusion.  Brainerd (1974) concluded from his research that the developmental sequence 




disagreed with Piaget’s order when his results showed that transitivity appears during 
preschool years; conservation during the middle-childhood years; and class inclusion 
during the adolescent years.  Janet Warfield and Sherry Meier (2007) would include the 
2003 NAEP results that show fourth-grade students add better than they subtract.  Also 
fourth- and eighth-grade students have higher scores on addition and subtraction 
problems than on multiplication and division problems as well as higher scores on one-
step problems than on multi-step problems. 
 In spite of the dispute about whether the development of number concept follows 
a particular order or involves the simultaneous development of several structures, there is 
agreement that children develop conservation and are able to make quantitative 
judgments without counting, that children develop intuitive counting strategies 
independent of formal instruction, and that children gain formal knowledge about number 
through instruction (Carpenter, 1979; Steffe, 1988). 
 L. M. Fridman (1991) differentiates the abstract numbers of mathematics from the 
concrete numbers of the natural sciences.  When students study concrete numbers in 
connection with the study of measurement of quantities, Fridman urges educators to also 
develop in students the concept of quantity in a way that builds a foundation for dealing 
with the formulas of geometry and physics. 
 Kaori Yoshida (2006) utilized Vygotsky’s view of development of concepts in 
studying how children in a Grade 3 classroom in Japan learned fractions.  Departing from 
the traditional Japanese curriculum, Yoshida introduced his students to two types of 
fractions simultaneously (partition fractions and quantity fractions).  In order to 




described by Vygotsky that integrates a child’s everyday concepts (originating from their 
daily lives) with mathematical concepts (based on a system of logic and objectivity).  The 
result was that the students were able to voluntarily and consciously use and reason with 
both types of fractions. 
 Thomas Kieren (1980) conceptualized functioning with rational numbers as a set 
of interrelated subconstructs of part-whole, ratio, operator, quotient, and measure.  Behr, 
Lesh, Post, and Silver (1983) extended Kieren’s model by linking the subconstructs to 
operations on fractions, fraction equivalence, and problem solving.  To investigate the 
accuracy of this description of how children construct fractional knowledge, 
Charalambous and Pitta-Pantazi (2007) analyzed 646 fifth- and sixth-grade Cyprus 
students’ performance on fractions.  The associations in the model were supported by the 
data; however, similar studies in other educational systems are needed to further clarify 
how students learn to reason with rational numbers.  See Appendix C for a diagram of the 
theoretical framework that combines Kieren’s model with the contributions from Behr 
and his colleagues (1983).   
 A student’s mastery of fractions and decimals can affect their learning in other 
strands.  Signe Kastberg and Anderson Norton III (2007) found that on the 2003 NAEP 
test questions that when fractions and decimals are used in measurement, data analysis, 
and algebra items, student performance went down.  Perhaps these results could be used 
to urge teachers to find ways to integrate their math lessons throughout the year. 
 Other research shows that a classroom environment of active discussions of 
different problem-solving strategies promotes a deeper understanding of basic concepts 




are meaningful to students.  Using these instructional and curricular techniques has been 
shown effective for all ability levels (Woodward, Baxter, & Robinson, 1999). 
 
Geometry 
 Geometry used to be the chapter that was skipped or hastily done at the end of the 
school year.  Since the beginning of the standards movement in 1989 when geometry was 
elevated to a strand, NCTM (2000) identified four major goals in the geometry strand that 
in turn support a student’s mathematical development in the other strands.  First, 
analyzing characteristics and properties of 2-D and 3-D geometric shapes helps students 
learn how to develop mathematical arguments.  Second, coordinate geometry applies 
algebraic skills to describe spatial relationships.  Third, studying transformations 
(translations, reflections, and rotations), symmetry, and similarity gives students tools for 
analyzing mathematical situations that lead to functions and matrices.  Fourth, for solving 
problems in all strands, visualization and spatial reasoning using geometric models is 
crucial. 
 Theoretical models have emerged from research to describe geometric learning 
and geometric cognitive processes.  To educators, the most familiar is the van Hiele 
theory developed in the 1950s by a Dutch husband-wife team of teachers who were 
experiencing difficulty in applying some of Piaget’s theories in their classrooms (Pegg & 
Davey, 1998).  Van Hiele’s five-level hierarchy can be summarized by:  
Level 0=Visualization (Individual shapes), Level 1=Analysis (Classes of shapes), Level 
2= Informal Deduction (Relationships between shapes), Level 3=Deduction (Developing 
Proofs), Level 4=Rigor (Relationships between axiomatic systems of geometry) (Pegg & 




instruction around how their students were thinking.  The aim was for students to develop 
insight and ability to apply their thinking in new situations (Pegg & Davey, 1998). 
 In response to their research with students learning geometry, Battista (2009), 
Lehrer, Jenkins, and Osana (1998), Pegg and Davey (1998), and Duval (1998) have 
expressed that the van Hiele levels are not discontinuous and static.  Instead children’s 
thinking may move back and forth between levels in transition to higher levels (Pegg & 
Davey, 1998), and students may exhibit different levels for different geometry topics 
(Battista, 2009).  Duval (1998) describes the development of geometric thinking as 
―multimodal.‖  As an extension of levels or stages, Pegg and Davey (1998) integrated van 
Hiele’s model with the Structure of the Observed Learning Outcome (SOLO) taxonomy 
developed by John Biggs and Kevin Collis in 1982.  Closely corresponding to Piaget’s 
stages, this taxonomy posits that learning occurs in five modes (Sensorimotor, Ikonic, 
Concrete symbolic, Formal, Postformal) with each mode having two cycles of three to 
five levels of student response (Prestructural, Unistructural, Multistructural, Relational, 
and Extended Abstract). 
 To support the geometric learning outlined by the above models, Raymond Duval 
(1998) distinguishes three cognitive processes.  First, visualization in two or three 
dimensions supports illustrations of statements, exploration of complex situations, and 
subjective verification.  Second, using tools such as rulers or geometry software, the 
construction process produces models or diagrams that represent mathematical objects 
possessing mathematical properties.  Third, for Duval, reasoning in geometry involves 
either using natural speech for describing, explaining, and justifying or using 




 A frequent subject in the research literature on geometry is proof and how poorly 
students from every country perform in this area.  Authors also agree that, to empower 
students to make sense of and establish the validity of geometric proof, teachers of every 
level need to establish a classroom environment in which students are comfortable 
proposing conjectures and defending them (Battista, 2009; Dreyfus, 1999; Lehrer et al., 
1998; Reid, 1997).  A related topic in geometry research is constructivist teaching.  
Developed in the Netherlands, the approach, Realistic Mathematics Education (RME), 
builds on students’ informal knowledge by using ―guided reinvention‖ (i.e., 
constructivism), ―didactical phenomenological analysis‖ (i.e., classroom investigations), 
and ―emergent models‖ (i.e., student produced topics or models) (Gravemeijer, 1998).  In 
other countries, as well, the comparison between constructivist teaching and traditional 
teacher-centered geometry methods is in favor of students constructing their own 
knowledge (Erdogan, Akkaya, & Celeri-Akkaya, 2009; Nickson, 2000).  Classroom 
discourse coupled with careful, deliberate teacher-designed activities is very important 
(Chazan & Yerushalmy, 1998; Douady & Parzysz, 1998; Goldenberg, Cuoco, & Mark, 
1998; Yu, Barrett, & Presmeg, 2009) to keep the learning emphasis on verifying, 
conjecturing, proving, generalizing, and deductive reasoning and to give students 
ownership of their knowledge. 
 Sadly the visual thinking students who are among the 50% of U.S. students 
dropping out of high-school mathematics miss being able to take visually rich geometry 
(Goldenberg et al., 1998).  Battista (2009) and Lehrer et al. (1998) bemoan the poor 
understanding of geometric concepts and proof by U.S. students.  The 2003 NAEP 




Galindo, & Walcott, 2007).  Regardless of the weakness, researchers suggest that 
deductive reasoning skills should be developed across all grades with a coherent and 
comprehensive geometry curriculum so that a less abrupt and more supported 
introduction to the skills so critical for proof competence in high school is realized 
(Battista, 2009; Gravemeijer, 1998; Stylianides & Stylianides, 2006; Usiskin, 1987).  
Other suggestions are for change in what geometric topics are taught to ones that would 
more directly build upon students’ experience of the world around them; such as:  knot 
theory, fractals, graph theory, compression codes and error-correcting codes, topology, 
and discrete mathematics (Chazan & Yerushalmy, 1998; Malkevitch, 1998, 2009). 
 
Measurement 
 Measurement is one of the most fundamental and pervasive topics in 
mathematics.  Yet it is often taught in conjunction with other mathematical topics and 
other subjects rather than as a topic on its own (Bright, Jordan, Malloy, & Watanabe, 
2005).  The applications of measurement that permeate everyday life, other mathematical 
strands, and other disciplines make a coherent and comprehensive curriculum imperative 
across the grade levels.  Student performance on the measurement strand of the National 
Assessment of Educational Progress (NAEP) from 2003 to 2009 is weak (see Appendix 
D).  In addition, the achievement gap between Whites and minority groups for 
measurement is larger than other strands.  In the 2000 NCTM Principles and Standards 
for School Mathematics, the measurement standard contains two main goals for K–12 
instructional programs to enable all students to be able to do:  ―understand measurable 
attributes of objects and the units, systems, and processes of measurement; apply 




Measurement topics in the K–12 curriculum include length, area, volume, angle, weight 
and mass, time, temperature, speed, and indirect measurement.  This discussion focuses 
on how students learn to measure length. 
 Mathematics researchers are fairly uniform in their theoretical framework for 
linear measurement.  The constructs associated with learning about units are: (a) iteration, 
(b) identical unit, (c) tiling, (d) partitioning, and (e) additivity.  The concepts needed to 
learn scale are:  zero-point and precision (Lehrer, Jaslow, & Curtis, 2003; Nickson, 2000; 
Stephan & Clements, 2003; Strutchens, Martin, & Kenney, 2003).   
 Research on effective instructional strategies to teach measurement concepts align 
very well with those that teach geometry.  Some researchers studying geometry or 
number and operations include measurement in their pre- and post-tests (Carpenter, 1979; 
Lehrer et al., 1998; Mitchell & Horne, 2008; Yoshida, 2004).  As a by-product their 
results are used to gain understanding about learning measurement.  As early as 1976, 
Alan Osborne (1976) pointed to the lack of transfer of mathematical measuring ability to 
the realm of science.  Looking at the 2000 NCTM standards reveals that precision is 
delayed until high school.  Supporting students should include the introduction of the 
concept earlier to avoid an abrupt beginning in high-school science. 
 From a 3-year longitudinal study of children’s reasoning done in the early 1990s, 
Lehrer and fellow researchers found that the concept of identical unit and iteration 
appeared in third-grade students.  The concept of zero point did not start appearing in 
student thinking until fourth or fifth grade.  However, in their overall evaluation of the 
U.S. instructional design in teaching measurement concepts, the researchers indicated 




be.  In fact, upper elementary students tended to lose the conceptual understanding of 
measurement that was gained in Grades 1–3 (Lehrer et al., 1998). 
 There was disagreement among researchers about teaching children how to 
measure with a ruler.  Some researchers claim that the early mastery of the ruler leads to 
superficial knowledge of measurement, making it necessary to teach measurement 
concepts before the students enter middle-school (Grant & Kline, 2003; Lehrer et al., 
2003; Outhred, Mitchelmore, McPhail, & Gould, 2003; Strutchens et al., 2003).  All of 
these researchers support teaching nonstandard units prior to introducing standard units 
and using constructivist strategies in the classroom (outlined in the previous Geometry 
section) so that students will establish correctness of solutions by classroom discussion.  
A dissenting researcher, Marilyn Nickson (2000), from the United Kingdom cites a 1994 
article describing results of a study done by Boulden-Lewis, Wilss, and Mutch and 
concludes that ―using nonstandard units to establish the need for standard units can 
confuse children and may be an unnecessary step in the teaching of measurement 
generally‖ (p. 46). 
 Researchers and mathematicians around the world advocate teaching 
measurement throughout the K–12 curriculum, not using traditional teaching methods of 
worksheets, but by allowing students to construct their own knowledge (Blume et al., 
2007; Lehrer et al., 2003; Saiz, 1998; Vasco, 1998).  Columbian author, Vasco (1998), 
describes his nation’s move to use dynamic computer software games from Grades 1 
through 9 to teach motions that explore space and its representations, including 
measurement (metric) games at all grade levels.  Hopefully, Euclid would be pleased 




Data Analysis and Probability 
 Statisticians and mathematicians agree that statistics is not mathematics, yet the 
two seem to need each other.  Teaching mathematics and statistics together can bring 
real-world topics into the classrooms that are pertinent and interesting to students, giving 
them a genuine need to apply basic math skills.  Plus, mathematics gives organizational 
strength and intellectual anchorage to academic statistics (Scheaffer, 2006).  Statistics 
and probability were included as one of the five content standards in the 2000 Principles 
and Standards for School Mathematics (NCTM, 2000) with content goals K–12 for 
students to be able to:   
 formulate questions that can be addressed with data and collect, organize, 
and display relevant data to answer them;  
 select and use appropriate statistical methods to analyze data;  
 develop and evaluate inferences and predictions that are based on data;  
 understand and apply basic concepts of probability. (pp. 108, 248, and 
324) 
 
Research literature is consistent that probability and statistical thinking be developed in 
students starting in kindergarten and coherently advanced through high school (Engel, 
1970; Friel, O’Connor, & Mamer, 2006; Goldstein, 2007; Kafoussi, 2006).  Researchers 
report that anxiety about statistics starts in middle school (Carmichael & Hay, 2008) and 
that difficulties with applying probability concepts and justifying probabilistic reasoning 
affects elementary and middle-school students (Tarr & Shaughnessy, 2007). 
 The definition of statistical thinking includes the thought processes and the 
philosophy of action that are based on the interconnected system of work, the 
omnipresence of variation, and the goal of identifying, understanding, modeling, and 
reducing variation for improvement (Scheaffer, 2006; Wild & Pfannkuch, 1999).  




statistical thinking is four dimensions in which the thinker operates simultaneously.  Two 
of the dimensions are continuous cycles.  To view the complete list of (a) The 
Investigative Cycle; (b) Types of Thinking; (c) The Interrogative Cycle; and (d) 
Dispositions, see Appendix E.  The authors coined a new term, ―transnumeration,‖ to 
refer to changing data representations of aspects of a system in order to better understand 
it.   
 In 2002, Mokaeane Polaki used a four-level framework for five probability 
constructs.  Sample space, probability of an event, probability comparisons, conditional 
probability, and independence were the five constructs that Polaki studied with South 
African fourth- and fifth-grade students.  Using a four-level rubric with Subjective Level 
1, Transitional Level 2, Informal Quantitative Level 3, and Numerical Level 4, student 
responses were coded for each construct.  To the list of probability constructs, other 
researchers might add the law of large numbers (Klaczynski & Gordon, 1996; Tarr, Lee, 
& Rider, 2006), fairness of games (Alston & Maher, 2003), appropriate application of 
proportional reasoning (Shaughnessy, 2006; Van Dooren, De Bock, Depaepe, Janssens, 
& Verschaffel, 2003), and variability (Cobb, 1998; Shaughnessy, 2006; Teague, 2006; 
Wild & Pfannkuch, 1999).  John Threlfall (2004) highlighted the misconceptions that 
young children have about probability (e.g., chance is naturally equiprobable, the way 
dice is thrown affects the outcome, and seeking causality and predictability), reported that 
complex probability contexts are inaccessible to primary students, and recommended that 
probability be taught only to students older than primary school.   
 Between probability being ―a way of looking at the world‖ (Engel, 1970) and 




solving tools (Shaughnessy, 2006), the ways to teach these two realms of thinking to 
students might seem intricate.  Fortunately, the instructional strategies that develop one 
also develop the other and have been included in the reforms suggested for statistics 
education.  Allowing students to actively learn (Kranendonk & Peck, 2006) in a safe, 
socially situated classroom environment conducive to persuasion, justification, and 
discussion (Carmichael & Hay, 2008; Cobb, 1998; Jan & Amit, 2006), and using 
available computer software or handheld technology to reduce student dependence on 
number crunching (Bill & Watson, 2007), teachers are encouraged to develop student 
interest by picking engaging student research projects using real data with a focus on big 
ideas rather than recipes (algorithms) that may hinder understanding (Carmichael & Hay, 
2008; Lane-Getaz, 2006; Watson & Moritz, 1999).  For middle school in particular, 
Anthony Bill and Jane Watson (2007) suggest that students analyze data sets using a 
single sheet of paper with four headings:  Global, Individual Points, Central Tendency, 
and Spread (Distribution).  This guides students to view data from four different 
perspectives, leaving room for unstructured but guided classroom discussions that further 
develop students’ statistical reasoning.  For all students, Beth Chance (2002), David 
Whitin (2006), and Sharon Lane-Getaz (2006) summarized the task for teachers as 
developing mental habits of:  considering how best to obtain meaningful data to answer a 
question, constantly reflecting about the variables involved, understanding the iterative 
process of statistics, maintaining skepticism about the data, always relating the data to the 









Helping all students develop cognitively while nurturing their ability to reason 
effectively is a truly big task.  For example, the Japanese approach it with a nationally set 
curriculum taught with a more traditional teacher-centered, theoretical, and yet problem-
solving-based approach (Hoven, 2001; Judson, 1999).  Japanese fourth- and eighth-grade 
students’ performance on the TIMSS has placed Japan in the top five scoring countries in 
the world since 1999 (National Center for Educational Statistics, 2007).  However, 
Okinawans and low-caste Buraku did not score as well as their more affluent Japanese 
classmates.  This supports the results of a world-wide survey that found the economic 
background of a student affects their achievement relative to their peers (Rothstein, 
2004).   
Robert Evans (2005) and Richard Rothstein (2004) echoed similar views about 
the persistent achievement gap between ethnic groups.  Instead of pointing a finger solely 
at schools, both authors insist that social and economic reform must accompany 
educational reform in order for there to be any permanent narrowing of the disparity 
among minorities.  As Evans (2005) points out, ―We cannot close the achievement gap 
without them [the schools].  They cannot close it by themselves‖ (p. 589). 
 The diverse list of causes of the achievement gap between ethnic groups that has 
been proposed by a diverse list of authors and researchers presents a multi-faceted 
picture.  Poverty (Gardner, 2007; Leventhal, 1999; Lubienski, 2001; Lustig & Strauser, 
2007; Rech & Stevens, 1996; Williams, 2003), ethnic identity or cultural differences in 
interaction style and communication norms (Berry, 2003; Castenell & Castenell, 1988; 




support (Entwisle & Alexander, 1990; Fan & Chen, 2001; Gardner, 2007), developmental 
delays (Jackson, 2005; Lustig & Strauser, 2007), biased tests (Berry, 2003; Hurley et al., 
2005; Ogbu, 1994), tests that are used as educational access barriers (Gray et al., 1999) 
and self-exclusion (Jackson, 2005; Malloy, 1997; Ogbu, 1994) have all been associated 
with the achievement gap.  The studies that report when SES is controlled, the differences 
in achievement among the ethnic groups disappear (Entwisle & Alexander, 1990; 
Lubienski, 2001; Rech & Stevens, 1996) contribute another facet to this mosaic of 
variables.   
White students of the lowest socio-economical status (SES) significantly 
outscored the African American students of the highest SES no matter the age of the 
sample (Cooper & Schleser, 2006; McClure, 2003).  According to Robert Berry III 
(2003), African American students receive mathematics instruction that is not consistent 
with mathematics education reform and that is in opposition to their learning preferences.  
Our education system is geared to advantage analytical field-independent learners; 
whereas African American learners prefer combining holistic, relational, and field-
dependent styles of learning.  In agreement with the data from the NAEP, one seventh-
grade math teacher found that using open-ended math questions and whole-class 
discussion that were part of her reform-oriented math curricula advantaged the higher-
SES students (Lubienski, 2001).  Part of this, however, disagrees with the experience of 
other inner-city teachers who find that their African American students learned better 
through the oral involvement found in whole-class discussions (Cureton, 1997).  These 
learning styles stem from cultural preferences of African-Americans that include 




intensity, an acceptance of a high noise level, and a need for multiple sources of stimuli 
(Shade, 1997).  There is also evidence that African American children prefer to use 
inferential reasoning rather than deductive or inductive reasoning.  In addition, Black 
students prefer to approximate space, number, and time rather than aim for complete 
accuracy (Castenell & Castenell, 1988; Slonim, 1991). 
 Even though impoverished African American students have been found capable 
of achieving academic proficiency, most do not achieve at the same levels as non-poor 
White students.  Black and Hispanic children are twice as likely as White children to be 
low achievers and three times as likely to attend high-poverty schools.  Because of the 
close connection between race and SES, our minority students are especially likely to be 
educationally disadvantaged (Nettles & Nettles, 1999; Stringfield & Herman, 1997).  SES 
and minority status are significant predictors of children’s achievement over time 
(Kowaleski-Jones & Duncan, 1999).  Yet Lin, Hung, and Lin (2006) concluded that the 
goal orientation of a student was a stronger predictor of mathematics achievement than 
was SES from the results of their study.  Janice Rech and Dorothy Stevens (1996) made 
the observation that Black students have missed something in either receiving or 
processing vital mathematics information.  They called for a detailed analysis of the 
variables within the African American population that may affect math achievement.  
Lustig and Strauser (2007) may have answered some of that analysis with their Poverty 
Disability Model in which four groups of factors associated with poverty were shown to 
increase the risk that poverty will cause disabilities. 
 There are studies expressing that majority and minority students entering first 




Alexander, 1990) and other studies that state that Black students enter kindergarten with 
lower skills than Whites (Cooper & Schleser, 2006).  However, there is no debate about 
the achievement gap in math and verbal skills between the races by the end of their first 
year of school (Entwisle & Alexander, 1990).  To explain this gap that increases with the 
number of years attending American schools, several researchers point to the differences 
in the quality of education received by the two groups.  Disadvantaged students receive 
less instruction in higher-order thinking skills than do more advantaged students.  The 
teachers of disadvantaged students tacitly or explicitly assume that their students lack 
capability to perform complex academic tasks.  Instruction in more advanced skills for 
low SES students is delayed until the lower-level skills are mastered (Allen, 2005; Bali & 
Alvarez, 2004; Fuson et al., 2000; Knapp & Shields, 1995; Knapp, Turnbull, & Shields, 
1990; Means et al., 1991; Woodward & Brown, 2006).  In addition to failing to adapt 
instruction to the varied needs of students, teachers of disadvantaged students are quite 
likely using textbooks that are confusing or mathematically inaccurate.  They may fail to 
connect new material with the students’ prior knowledge, perhaps because they are 
uncomfortable with mathematics themselves (Allardice & Ginsburg, 1983).   
 Another perspective on the achievement gap was described by Jennifer Cooper 
and Robert Schleser (2006).  At the start of high school, there is already a decrease in the 
number of African American students in advanced math courses.  By the end of high 
school, the typical African American and Latino student has math skills that a typical 
eighth-grade Caucasian student possesses (Haycock, 2001).  At the other end of the 
educational system, Cooper and Schleser’s study (2006) came to the conclusion that 




preoperational stage of development compared to Caucasian students of the same age.  
They also found that ethnicity and cognitive development level were significantly related.  
Social and emotional development have been linked with mathematics and science 
achievement as well (Haynes, Ben-Avie, & Ensign, 2003). 
 Exacerbating the achievement gap between races is the oppositional cultural 
frame of reference maintained by some involuntary minorities (e.g., Native Americans, 
African Americans, Mexican Americans, and Native Hawaiians who were initially 
brought into U.S. society against their will through slavery, invasion, or colonization).  
This oppositional social identity makes improving their academic achievement by 
adopting the cognitive strategies that are effective for Euro-Americans unattractive and 
distasteful for the minority student (Chapell, 1999; Malloy & Malloy, 1998; Ogbu, 1994). 
 
Poverty 
 In 2007, the poverty rate for U.S. children under 18 was 18.0%, for Black 
children, 34.5%, and for Hispanic children, 28.6% (U.S. Bureau of the Census, 2007).  
Children of any race who live in poverty are much more likely to experience 
developmental damage and delays.  This brings children to our schools with cognitive 
issues.  A summary of Ruby Payne’s (1996) list of these problems may explain much of 
the behaviors seen in the classroom:  (a) Blurred perceptions without a systematic method 
of exploration; (b) Lack of vocabulary to deal with cognitive tasks; (c) Impaired spatial 
orientation; (d) Time ignored and not measured; (e) Inability to keep memory of an object 
constant; (f) No systematic strategy to gather precise and accurate data to problem-solve; 
(g) Inability to simultaneously think about and categorize two objects while comparing 




 Juxtapose Payne’s list with the description of schools that children of poverty are 
likely to attend.  Imagine children with the above cognitive difficulties attending a school 
with fewer resources and lower-quality teachers in a remedial tracked class 
(Klopfenstein, 2005).  The odds are stacked against them to improve their scores on the 
next standardized mathematics test they take. 
 
Educating Minorities 
 The literature is consistent on the strategies teachers can use in reaching minority 
students: establishing positive supportive relationships in a safe classroom environment 
characterized by a collaborative math culture, maintaining high expectations by viewing 
students as having resources to develop instead of deficits to overcome, being culturally 
responsive by honoring diversity, and being competent in the content are necessary to 
reach all students (Allen, 2005; Comer & Haynes, 1991; Dance, Wingfield, & Davidson, 
2000; Fuson et al., 2000; Malloy, 1997; Moschkovich, 1999; Nasir, 2002; Remillard, 
2000; Trentacosta, 1997).  The items in Figure 1 characterize a classroom in which the 
mathematics identity and mathematics socialization (Martin, 2000, 2006; Paschler et al., 
2007) of every student can become strong and positive.   
 Instead of the classroom view, Faustine Jones-Wilson (1991) and Tawannah 
Allen (2005) enumerate the characteristics of public schools that were effectively 
teaching urban minorities:  strong administrative leader, a school climate of high 




skills first, fluid energy and resources able to be diverted in order to further fundamental 
objectives, and continual adjustment of instruction based on student progress.  Add to the 
list the experience of St. Louis Public Schools of choosing carefully the innovations to 
implement and of sustaining those innovations over a multi-year period of time 
(Stringfield & Herman, 1997).  An interesting innovation is the use of interactive 
software with low reading ability students to develop visual motor skills, concentration, 
 
Figure 1:  Factors that influence students continuing the study of mathematics. 
Source:  From ―A High Level of Challenge in a Collaborative Setting‖ (p. 47), by R. Dance, K. Wingfield, 
and N. Davidson, 2000.  In M. Strutchens, M. Johnson, & W. Tate (Eds.), Changing the Faces of 
Mathematics: Perspectives on African Americans, Reston, VA: National Council of Teachers of 







motor integration, and simultaneous information processing (Association for Supervision 
and Curriculum Development, 2004). 
 Finding the literature on the effective ways to improve the achievement of 
minorities is easy because of its abundance.  The difficulty lies in getting enough of the 
above ingredients together in the same school at the same time and in enough districts to 












My years of experience teaching math and science to students in Michigan have 
led me to the current project of studying the mastery of algebra by middle-school 
students.  Michigan, in its attempt to meet the requirements of NCLB, has established 
expectations for what mathematics students need to learn in each grade level K–8 and 
assesses students’ mastery of those expectations each year for Grades 3 through 8.  The 
purpose of this study is to investigate the performance of seventh-grade Michigan 
students on the sixth-grade mathematics content expectations by looking at the 
performance on algebra MEAP items and comparing it with the performance on the non-
algebra MEAP items.  This may sound puzzling, but is necessary since the MEAP test is 
administered in early October each year.  Due to this testing schedule, the scope of the 
seventh-grade mathematics MEAP test is the sixth-grade mathematics GLCEs.  In order 
to get a picture of the achievement gap between the ethnic groups, this study compares 
the performance of the various subgroups on the same algebra and non-algebra 
expectations.  
With the aim of gaining an understanding of this project, this chapter first 
describes the type of research that was conducted and defines the variables involved in 
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the study.  The instrumentation for this study is described along with a report of the data 
collection and data analysis processes that were utilized.   
 
Type of Research 
This study is a secondary data analysis, since the Michigan Department of 
Education gave me permission to use the data they collected.  I received the data 
containing the scoring of student responses to the MEAP mathematics test questions for 
seventh-grade students in Michigan for 2005 to 2007.  I conducted a descriptive analysis 
with a comparative group design to look at Michigan’s seventh-grade students’ mastery 
of the sixth-grade content expectations (GLCEs) on the mathematics portion of the 
MEAP test given at the beginning of each school year and to look at the performance of 
the four largest ethnic subgroups.  Given in early October, the seventh-grade mathematics 
MEAP test consists of questions covering the sixth-grade curriculum.  The supplied data 
of the 2005, 2006, and 2007 mathematics MEAP for Michigan’s seventh-grade students 
indicated the students’ gender, ethnicity, and whether their response to each Released 
Item was correct or not.  Each Released Item is identified by the MDE with one of the 
sixth-grade mathematics GLCEs (Appendix B). 
 
Population and Sampling 
Table 2 shows the demographic distribution of Michigan seventh-grade students.  
For the purposes of this study, the entire population of Michigan seventh-grade students 
taking the MEAP test in 2005, 2006, and 2007 was studied.  The data were readily 
available from the Office of Educational Assessment and Accountability, making the 
choice of data easy.  Since this study is dealing with the census of the population of 
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seventh-grade students in Michigan with valid mathematics MEAP results, there are no 






 The MEAP was started in 1969 by the State Board of Education through Public 
Act 307.  It started as a norm-referenced assessment written by a commercial assessment 
publisher until 1973.  In 1974, the MEAP was changed to a criterion-referenced test when 
the MDE staff developed performance objectives.  Since then, hundreds of educators 
throughout Michigan revise, rewrite, and update the standards (formerly Michigan 
Content Standards) now known as the Grade Level Content Expectations.  Based on these 
GLCEs, a contractor is hired to work with content specialists and MEAP staff to develop 
test items.  The Bias and Sensitivity Committee reviews items for fairness to all groups.  
The Content Advisory Committee, consisting of classroom teachers and content area 
specialists, reviews the items for grade appropriateness and for content validity with the 
Table 2 
Description of Population of Michigan Seventh-Grade Students (in Percentages) 
 
Fall 2005 Fall 2006 Fall 2007  
Gender Male 51.15  51.40  51.27   
 Female 48.85  48.60  48.73   
Ethnicity Hispanic   3.92    4.17     4.57   
 White 71.03  71.32  71.71   
 Black 20.41  19.87  19.28   
 Asian    2.12    2.27    2.47   
 Native American   0.91    0.94    0.95   
 Other   0.36    0.20    0.01   
 Multiracial   0.74    0.92    0.83   
 Unknown   0.52    0.32    0.10   
                                    Total (N):  133,060 130,342 124,674  
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GLCEs.  The items are either piloted separately or field tested by being embedded in the 
MEAP test itself (Office of Educational Assessment and Accountability [OEAA], 2007). 
 The test questions on the MEAP follow the Grade Level Content Expectations 
(GLCEs).  Each expectation has been coded with a strand, domain, grade level, and 
expectation number.  The strands and domains are listed in Table 3.  Each year from 2005 
to 2008, the Michigan Department of Education (MDE) releases test items from previous 
test administrations to the public.  For these released items, the MDE publishes an Item 
Analysis, which is a report indicating the percentage of students choosing each of the 
four response choices for each released test item.  Since each test question is linked with 
a Grade Level Expectation, teachers are able to adjust instruction according to the needs 
of their students.   
 The distribution of the test questions according to strand is:  45% of the questions 
cover Number and Operations; 34% are on Algebra; 10% on Geometry; 6% on 
Measurement; and 5% on Data and Probability.  Consequently, 66% of the test covers 
non-algebra.  These proportions remained consistent over the 3 years of this study. 
 
Table 3  
Strands and Domains in the Michigan Mathematics GLCEs 
 Strand 1 Strand 2 Strand 3 Strand 4 Strand 5 
 Number and 
Operations 















functions, change    
(PA) 
Units, systems of 
measurement (UN) 
Geom.  shapes, 
properties 
mathematical 



























Spatial reasoning & 





Note:  From Mathematics K-8 Grade Level Content Expectations (p. 2), by Michigan Department of Education, 2005, 
Lansing, MI:  Michigan Department of Education. 
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Reliability and Validity 
 To assure validity of assessment items, the OEAA (2007) indicates that, in 
addition to review by the Content Advisory and the Bias/Sensitivity Committees, the 
MEAP office also looks at various forms of student performance data:  percentage data, 
Differential Item Functioning, and Item Discrimination are some examples.  If the 
percentage of students correctly answering an item is less than 30%, that item is flagged 
for review of possible misleading diagrams or wording.  Differential Item Functioning 
means that one group performed differently on an item compared with other groups.  
Then that item is reviewed to determine if the item is truly biased and if the students were 
actually taught the material being measured by the item.  Item Discrimination examines 
the performance between students scoring high on the assessment compared to those 
scoring low.  If an item discriminates poorly, it means that students who scored poorly on 
the entire assessment may have done as well or better on an individual item than students 
who scored well on the entire assessment.  A closer look at wording and distracters that 
may be misleading students is given to that item. 
 The OEAA (2007) responds to the reliability and validity question by saying: 
To assist and advise staff in making decisions about such issues, the MEAP 
Office contracts and consults with a Technical Advisory Committee comprised of 
nationally known psychometricians (experts in measuring student achievement).  
The MEAP staff has always followed, and will continue to follow, current 
psychometric practice in developing, administering, analyzing, and scoring the 
Michigan Education Assessment Program assessments. (p. A-4) 
 
For construct validity, the MEAP office uses the Rasch model in Item Response Theory 
(IRT) to equate and scale all MEAP assessments.  This means that the individual strands 
in middle-school mathematics are assumed to be together in one dimension instead of 
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separate constructs.  The report adds that they are doing ―ongoing research‖ to evaluate 
this assumption (OEAA, 2007).   
For the 2005 MEAP, several technical reports concerning validity are available.  
A report on the alignment of the test with the standards was done.  The committee of 7 to 
13 math educators found that three items needed to be replaced for the seventh-grade 
mathematics MEAP (Webb, 2005).  A report on the Alpha Reliability for the seventh-
grade mathematics tests lists by form coefficients that range from 0.87 to 0.94.  There is 
also a report on the Empirical IRT Reliability coefficients that range from 0.85 to 0.92 
(MDE, 2006a). 
 
Definition of Variables 
 The variables in this study are the year of the MEAP test (2005, 2006, and 2007), 
ethnicity (American Indian, Asian, Black, Hispanic, White, Multiracial, Other, 
Unknown), the number of correct items (3 maximum) for each of the 14 Core GLCEs 
identified for study (see section on Data Analysis), the algebra score (i.e., the sum of the 
scores of the seven algebra GLCEs; 21 points possible) and the non-algebra score (i.e., 
the sum of the scores of the seven non-algebra GLCEs; 21 points possible).  For the 
conceptual and instrumental definitions of these variables see Appendix F.  
 Table 4 describes the variables and measurement levels for each research 
question. 
 
Data Collection  
 The MEAP test is administered across Michigan during a 3-week window in 




Data Analysis Specifications 
Research Question Variables Measurement Level  
(1): For Michigan seventh-grade students 
taking the mathematics MEAP test for 
the years 2005, 2006, and 2007, what is 
the difference between student 
performance on the algebra GLCEs 
and on the non-algebra GLCEs?  
 
1) Time (1, 2, 3) 
2) Ethnicity (1, 2, 3, 4, 5, 6, 7, 8) 
3) GLCE:  A.PA.06.01, A.RP.06.02, 
A.FO.06.03, A.FO.06.06, 
A.FO.06.11, A.FO.06.12, A.FO.06.13  
N.FL.06.14, N.FL.06.15, 
N.ME.06.17, M.UN.06.01, 
G.GS.06.02, G.TR.06.03, D.PR.06.01      
(0, 1, 2, 3) 













(2): For Michigan seventh-grade students 
taking the mathematics MEAP test for 
the years 2005, 2006, and 2007, what is 
the difference between ethnic groups in 
their performance on the algebra 




1) Time (1, 2, 3) 
2) Ethnicity (1, 2, 3, 4, 5, 6, 7, 8) 
3) Algebra GLCE:  A.PA.06.01, 
A.RP.06.02, A.FO.06.03, A.FO.06.06, 
A.FO.06.11, A.FO.06.12, A.FO.06.13 
N.FL.06.14, N.FL.06.15, 
N.ME.06.17, M.UN.06.01, 
G.GS.06.02, G.TR.06.03, D.PR.06.01      
(0, 1, 2, 3) 
















testing.  Each district appoints district and building level MEAP coordinators who are 
given specific instructions from the OEAA guidebooks on when and how assessment 
materials are to be returned.   
 For 2005, 2006, and 2007, the individual schools were responsible for devising 
their own testing schedule during the 3-week test window.  That changed for the 2008 
test, and the state required all schools to test each section of every test according to the 
schedule determined by the MDE.  To accommodate this schedule, a cap was put on the 
number of test items on each test.  As with other standardized tests, the individual test 
administrators are required to read a script of directions for each test.  There are also 
requirements for what is allowed to be displayed in rooms used for assessments.  All 
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items on the walls of the assessment room that contain any information directly related to 
the GLCEs must be covered. 
 The MEAP Test Administrator Manual—Grade 7 (OEAA, 2008) on p. 8 
describes specifically what the test administrator should do: 
•  Reading and becoming familiar with MEAP assessment 
administration procedures for the specific assessment cycle prior to 
the assessment; 
• Reading directions exactly as they appear in the assessment 
administrator manual to students, and answering questions about 
assessment directions; 
• Verifying that no unauthorized materials or equipment are being 
used during the assessment; 
• Moving throughout the assessment room and ensuring that students 
are working in the correct section of their assessment booklets and 
are marking their responses in the appropriate areas of their answer 
documents using only a number 2 pencil; 
• Reporting instances of deviations in assessment administration or 
questionable student behavior to the building assessment 
coordinator for early and fair resolution of any concerns; and  
•  Reviewing student information on answer documents for accuracy. 
It is very important to understand the difference between helping students 
understand assessment directions and helping them with their responses. With the 
exception of making sure students understand the directions and implementing 
any approved accommodations, assessment administrators and proctors may not 
give help of any kind to students during the assessments. This includes defining 
or pronouncing words and reading any part of the assessment aloud to students, 
except where specifically indicated in the directions. (p. 8) 
 
 For students with disabilities, the MDE lists standard and non-standard 
accommodations that may be used during the MEAP test.  The decision for the use of 
standard or nonstandard test accommodations must be documented specifically for each 
subject in the student’s school records in the student’s Individualized Education Program 
(IEP).  English language learners (ELLs) may be given accommodations if those 
accommodations are customarily used during normal classroom instruction.  The U.S. 
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Department of Education allows exceptions for recently arrived students with limited 
English proficiency (OEAA, 2008). 
 The answer sheets and test booklets are sent to the MEAP Scoring Services who 
score the tests.  In February or March, the MDE sends to each district the results of the 
Fall MEAP test.  Each building receives individual student scores, disaggregated data, 
and item analysis for each subject.  In Berrien County, the MEAP scores are also housed 
in electronic form in Data Director.   
 For this project, I applied for permission to analyze statewide data for the seventh-
grade 2005, 2006, and 2007 MEAP test from the Andrews University Institutional 
Review Board and the MDE Human Subject Review Board.  After both approvals, Steve 
Viger, MDE Lead Psychometrician, assigned a DataBase Assistant to burn a CD with the 
seventh-grade MEAP scored data in three SPSS files.  I had use of the data for 1 year. 
 
Data Analysis 
 The following seven Sixth-Grade algebra and seven non-algebra Core Grade 
Level Content Expectations (MDE, 2005) are investigated in this project.  See Appendix 
B for the complete list of the Sixth-Grade Mathematics GLCEs. 
Algebra 
Calculate rates: 
A.PA.06.01 Solve applied problems involving rates, including speed, e.g., 
if a car is going 50 mph, how far will it go in 3 1/2 hours? [Core] 
Understand the coordinate plane:  
A.RP.06.02 Plot ordered pairs of integers and use ordered pairs of integers 
to identify points in all four quadrants of the coordinate plane. [Core] 
Use variables, write expressions and equations, and combine like 
terms: 
A.FO.06.03 Use letters, with units, to represent quantities in a variety of 
contexts, e.g. [sic], y lbs., k minutes, x cookies. [Core] 
A.FO.06.06 Represent information given in words using algebraic 
expressions and equations. [Core] 
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Represent linear functions using tables, equations, and graphs: 
Solve equations: 
A.FO.06.11 Relate simple linear equations with integer coefficients, e.g., 
3x = 8 or x + 5 = 10, to particular contexts and solve. [Core] 
A.FO.06.12 Understand that adding or subtracting the same number to 
both sides of an equation creates a new equation that has the same 
solution.[Core] 
A.FO.06.13 Understand that multiplying or dividing both sides of an 
equation by the same non-zero number creates a new equation that has the 
same solutions. [Core]  
Number & Operations 
Solve decimal, percentage and rational number problems 
N.FL.06.14 For applied situations, estimate the answers to calculations involving 
operations with rational numbers. [Core] 
N.FL.06.15 Solve applied problems that use the four operations with appropriate 
decimal numbers. [Core] 
Understand rational numbers and their location on the number line 
N.ME.06.17 Locate negative rational numbers (including integers) on the number 
line; know that numbers and their negatives add to 0, and are on opposite sides 
and at equal distance from 0 on a number line. [Core – NonCalculator (NC)] 
Measurement 
Convert within measurement systems 
M.UN.06.01 Convert between basic units of measurement within a single 
measurement system, e.g., square inches to square feet. [Core] 
Find volume and surface area 
Geometry 
Understand the concept of congruence and basic transformations 
G.GS.06.02 Understand that for polygons, congruence means corresponding sides 
and angles have equal measures. [Core - NC] 
G.TR.06.03 Understand the basic rigid motions in the plane (reflections, 
rotations, translations), relate these to congruence, and apply them to solve 
problems. [Core - NC] 
Data & Probability 
Understand the concept of probability and solve problems 
D.PR.06.01 Express probabilities as fractions, decimals, or percentages between 0 
and 1; know that 0 probability means an event will not occur and that probability 
1 means an event will occur. [Core - NC] 
 (pp. 3–5) 
 
 
 Due to the small sample sizes, all Future Core and Extended Core expectations 
were excluded.  All seven algebra Core GLCEs were included for analysis.  There were 
four Core Geometry, Measurement, and Data and Probability expectations, and all four 
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were incorporated in order to have all strands represented in the study.  Three of the 9 
Core Number and Operations GLCEs were selected as being foundational to transitioning 
to algebra and to make the number of non-algebra GLCEs equal to the seven core algebra 
expectations for comparison purposes.  The three expectations that are Not Assessed at 
the State Level were not included in the data received and therefore not part of this 
project. 
For each GLCE, students answered three multiple choice questions which were 
scored as 1 (correct) or 0 (incorrect).  The raw scores for the three questions in each 
expectation were added to make 3 points possible for each expectation for 2005 to 2007.  
Since the Michigan Department of Education does not monitor proficiency on the 
individual GLCEs, for this study a student with a score of 2 on a GLCE is considered 
proficient in that expectation.  The seven algebra GLCE scores were added to obtain an 
Algebra score (21 points possible) and the remaining seven expectations were added 
together to make a Non-algebra score (21 points possible). 
 
Conclusion 
Given our state standards, the cultural differences in the cognitive development of 
our African American and other minority students, and the resulting achievement gap, the 
cartoon by Jerry King that I have adapted (Figure 2) might make sense.  Is this how 
minority students view the mathematics expectations they are to master?  The main 
purpose of this project is to discover if minorities in Michigan have more difficulty 
mastering the algebra expectations than those of other strands.  This study should give us 
a way to determine if this cartoon is an extreme caricature that does not apply or if it is an 
effective way to communicate the feelings and predicament of a segment of our student 
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population who deserves to be assessed fairly and to have culturally suitable instruction 
in order to be able to take advantage of available educational opportunities that will fully 
prepare them for their economic future. 
 
Figure 2:  Possible perspective of minority students. 







 Grade Algebra Grade 
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The purpose of this study was to examine the performance of seventh-grade 
Michigan students on the mathematics expectations tested on the Michigan Educational 
Assessment Program (MEAP) over 3 years (2005–2007).  This chapter describes the 
students by gender and ethnicity as well as analyzes the answers to the two research 
questions:  
1.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of Michigan seventh-grade students on the algebra Grade Level 
Content Expectations (GLCEs) and their performance on the non-algebra GLCEs?  
2.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of the seventh-grade ethnic groups in Michigan on the algebra GLCEs 
and the non-algebra GLCEs?  The analysis for Question 1 includes a look at the test items 
associated with each expectation that were released to the public by the Michigan 
Department of Education from 2005 to 2007. 
 
Description of the Population 
The population of students who took the seventh-grade mathematics part of the 
MEAP was 133,056 in 2005, 130,337 in 2006, and 124,641 in 2007 (see Table 5).   In 
 
68 
each of the 3 years, approximately 51% of the examinees were male, and about 49% were 
female.  They were mostly Whites (about 71%) and Blacks (about 20%).  The remainder 





Research Question 1 
The first research question asked:  For the 2005, 2006, and 2007 mathematics 
MEAP test, what is the difference in the performance of Michigan seventh-grade students 
on the algebra GLCEs and their performance on the non-algebra GLCEs?  
Table 6 shows the mean number of correct answers on the three test items in each 







Michigan Seventh-Grade Students 
 
 
Fall 2005 Fall 2006 Fall 2007  
Gender Male 51.15  51.40  51.27   
 Female 48.85  48.60  48.73   
Ethnicity Hispanic   3.92    4.17    4.57   
 White 71.03  71.32  71.71   
 Black 20.41  19.87  19.28   
 Asian   2.12    2.27    2.47   
 Native American   0.91    0.94    0.95   
 Other   0.36    0.20    0.01   
 Multiracial   0.74    0.92    0.83   
 Unknown   0.52    0.32    0.10   





 Table 7 contains the differences in the mean number of correct answers on the 
algebra GLCEs from year to year.  It also shows the net change in means from 2005 to 
2007.  A.FO.6.06 (Words into equations) is the only GLCE that improved each year, but 
the gains were not large compared to other increases.  A.FO.6.11 (Solve linear equations) 








Table 6        
Means and Standard Deviations for Algebra GLCEs 








A.PA.6.01 Applied Rate Problems   1.85
 
 1.008   1.47 0.944   1.59
 
 1.117 
A.RP.6.02 Ordered Pairs in Coordinate Plane   2.28
 
 0.882   2.13
 
 1.086   2.24
 
 0.916 
A.FO.6.03 Use Letters w/ units for quantities   2.11
 
 0.907   1.75
 




Change Words into algebraic 
equations   1.62
 
 0.854   1.70
 
 0.935   1.86
 
 0.979 
A.FO.6.11 Solve Linear equations   2.49
 
 0.749   2.21
 








 1.103   1.98
 
 0.954   1.25 0.964 
A.FO.6.13 
Multiply/Divide both sides of 
equation to solve 
  1.38 0.928   1.69
 









  3 points possible.       
b







 The algebra GLCEs are analyzed using the following format.  Each GLCE is 
defined, sample released items shown, and the results discussed.   
 
A.PA.6.01 
 ―Solve applied problems involving rates, including speed, e.g. [sic], if a car is 
going 50 mph, how far will it go in 3½ hours‖ (MDE, 2005c, p. 4)? 
Figures 3 and 4 show test items for this expectation.  The 2005 scores for the 
applied rate problems (A.PA.6.01) were the highest (05=1.85 out of 3 questions) of the 3 
years when two of the three items required only one step to solve.  Students in 2006 
performed lower (06=1.47), especially on two problems requiring more than one step to 
answer (see Figure 4 for a sample problem).  The poor performance on a dish-washing 
Table 7 
    
Difference in Mean Number of Correct Questions Year to Year 
Algebra GLCE 
Change in 
mean from          
05 to 06  (Δ1) 
Change in 
mean from           
06 to 07 (Δ2) 
Range of 
change          
05 to 07 
  |Δ1–Δ2| 
A.PA.6.01 Applied rate problems –0.38 +0.12 0.50 
A.RP.6.02 Ordered pairs in coordinate plane –0.15 +0.11 0.26 
A.FO.6.03 Use letters w/ units for quantities –0.36 +0.48 0.84 
A.FO.6.06 
Change words into algebraic 
equations +0.08 +0.16 0.12 
A.FO.6.11 Solve linear equations –0.28 –0.67 0.39 
A.FO.6.12 
Add/Subtract both sides of 
equation to solve +0.75 –0.73 1.48 
A.FO.6.13 
Mult/Divide both sides of 
equation to solve 
+0.31 –0.43 0.74 
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problem in 2006 could have been due to overemphasis of the reality of the problem or to 
putting the wrong number into the calculator as the divisor.  There was a slight gain in the 



















―Plot ordered pairs of integers and use ordered pairs of integers to identify points 
in all four quadrants of the coordinate plane‖ (MDE, 2005c, p. 4). 
 As long as the questions tested plotting ordered pairs of integers (Figure 5), the 
mean of plotting ordered pairs of integers (A.RP.6.02) was highest in 2005 (05=2.28 out 
of 3 questions); but student performance was fairly consistent over the 3 years with 
changes of only -0.15 and an increase of +0.11 in 2007 that almost rebounded to the 2005 
performance.  The percentage of students answering correctly dropped below 50% when 
the question required knowing the quadrants (Figure 6).  The released items were very 
similar from year to year without extra cognitive demands put into the questions.  
Students were proficient each year on this expectation (05=2.28; 06 =2.13; 07=2.24). 
 
 















 ―Use letters, with units, to represent quantities in a variety of contexts, e.g. [sic], y 
lbs, k minutes, x cookies‖ (MDE, 2005c, p. 4). 
 Students’ skill at using letters with units to represent quantities (A.FO.6.03) was 
best in 2007 (07=2.23 out of 3 questions).  Even though the test items were similar in 
type for all 3 years, performance went from 05 =2.11 to below proficient (06 =1.75) in 
2006 and then back up in 2007 to result in a gain of 0.12 in the mean from 2005 to 2007.  
Comparing this expectation with A.FO.6.06, I have difficulty distinguishing the skill used 
in answering the items in Figures 7 and 8 with the test questions for the next expectation. 
 











 ―Represent information given in words using algebraic expressions and 
equations‖ (MDE, 2005c, p. 4). 
 Students made slight improvements each year in translating words into algebraic 
equations from 05 =1.62 to reach 07=1.86 in 2007.  There was a variety of test items 
that approached this expectation from different perspectives.  Figure 9 illustrates a 
different way from the item in Figure 10 to assess this GLCE.  Some of the items (like 
Figures 10 and 11) were very similar to the items for A.FO.6.03.  However, the item in 
Figure 12 made me think that students were being tested on whether they knew that 
xx 
2  instead of how to change words into symbols.  Students were not proficient on 
this expectation for all 3 years. 
 
A.FO.6.11 
―Relate simple linear equations with integer coefficients, e.g. [sic], 3x=8 or 
x+5=10, to particular contexts and solve‖ (MDE, 2005c, p. 4). 
 Student performance in 2005 was proficient and also highest in 2005 (05=2.49 


























again the next year, making 2007 the lowest (07=1.54 out of 3 questions) and no longer 
proficient.  The three test items in 2005 (see example in Figure 13) gave students a 
situation described in words for which the students had to identify an appropriate 
equation but not solve.  The 2006 and 2007 questions again described a situation in 
words, but the appropriate equation was given (example in Figure 14).  The test item then 
required the students to solve the equation.  These results point to students’ ability to 
relate equations to contexts being better than their ability to solve those equations.  
Students best solved equations that involved addition or subtraction at 85% for solving 
s+5=30.  Performance on equations that used multiplication or division was lower.  For 
the equation 2t=28, the performance dropped to 70%, and only 65% solved 12=3w 
correctly (MDE, 2006b). 
 











 ―Understand that adding or subtracting the same number to both sides of an 
equation creates a new equation that has the same solution‖ (MDE, 2005c, p. 4). 
 The students in 2006 performed best on the A.FO.6.12 with 06=1.98 out of three 
questions when the three test items were similar to Figure 15 and could be solved without 
using the skill addressed in this expectation.  Students could have substituted each 
response to see which one was the solution and not used the strategy of subtracting 6 
from both sides of the equation.  For the 2006 questions that involved addition (Figure 
15), more than 75% of the students successfully answered, but when the equation 
involved subtraction (Figure 16), the performance fell to 43% (MDE, 2006b).   
 The 2005 and 2007 results were among the lowest of all the algebra results 
(05=1.23; 07 =1.25).  Figures 17, 18, 19, and 20 show some of the questions testing this 
expectation.  There were two 2005 items like Figure 17, and students did poorly on both 
with 32% correct (MDE, 2005a).  The third problem shown in Figure 18 is different from 
the others, and little over half or 57% (MDE, 2005a) of the students were able to pick out 
the correct pair of equations.  It would seem as if the 2007 question in Figure 19 would 
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be a better way to detect understanding of this expectation, yet students performed poorly 
with 25% correct (MDE, 2007a).  Perhaps the way the responses were displayed did not 
match their teachers’ way of presenting this concept.  In Figure 20, students did better at 
49% correct (MDE, 2007a) on this item.  Over the 3 years, students were not proficient 
on this expectation. 
 
































 ―Understand that multiplying or dividing both sides of an equation by the same 
non-zero number creates a new equation that has the same solutions‖ (MDE, 2005c, p. 4). 
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 Once again the 2006 students had the best score (06=1.69 out of 3 questions), and 
once again all three test questions for this expectation could be answered by substituting 
the value (or the responses) into the equations (or the equation given) to find the correct 
choice (see example in Figure 21) instead of multiplying both sides of the equation by 4. 
 In 2005, there was only one question like Figure 21 that was answerable by using 
substitution, and the mean was lower (05 =1.38 out of 3 questions).  Figure 22 shows one 
item on which the 2005 students did poorly with 30% answering the question correctly 
(MDE, 2005a).  The question does not seem to assess the expectation in a very direct 
way.  Students in 2005 also had difficulty with the item in Figure 23 with 44% 
responding correctly (MDE, 2005a).  This may stem from either not being taught with 
algeblocks or not having experience with making diagrams of the algeblocks to transition 
to symbolic equations.   
 In 2007, the performance on this expectation decreased to a level below 2005’s 
score (07 =1.26).  Figure 24 shows a question that seems to test this expectation directly 
and yet only 26% of the students responded correctly (MDE, 2007a).  This meant that 
students were not proficient on this GLCE for all 3 years. 
 















Figure 24:  2007 A.FO.6.13 released item. 
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Summary:  Algebra Expectations 
 The algebra expectations for which students were proficient (Table 8) for at least 
2 out of the 3 years (>2.00) were:  Plotting ordered pairs on the coordinate plane 
(A.RP.6.02; 05=2.28; 06=2.13; 07=2.24); Representing quantities as letters with units 
(A.FO.6.03; 05=2.11; 07=2.23); and Solving linear equations with integer coefficients 
(A.FO.6.11; 05 =2.49; 06 =2.21).  When the algebra expectations are considered as a 
group, students were not proficient (>14 out of 21 points possible) any of the 3 years. 
 Student performance was most consistent from year to year in Plotting ordered 
pairs (A.RP.6.02) and Representing quantities as letters with units (A.FO.6.03).  
Equations that used multiplication or division to find the solution were more difficult for 




Algebra GLCEs:  Michigan Students Achieving Proficiency  
  2005 2006 2007 
A.PA.6.01 Applied Rate Problems    
A.RP.6.02 
Ordered Pairs in Coordinate 
Plane * * * 
A.FO.6.03 
Use Letters w/ units for 
quantities 
*  * 
A.FO.6.06 
Change Words into algebraic 
equations 
   
A.FO.6.11 Solve Linear equations * *  
A.FO.6.12 
Add/Subtract both sides of 
equation to solve 
   
A.FO.6.13 
Multiply/Divide both sides of 
equation to solve 
   






declined each year from 05=12.96 to 07=11.97.  The decline in students’ ability with 
Solving linear equations (A.FO.6.11) was the largest decrease of the algebra expectations 
(-0.95) from 2005 to 2007 even though student performance was proficient in 2005 and 
2006.  The fluctuation in student scores was greatest for A.FO.6.12 (Add/Subtract from 
both sides of equation) with a range of change of 1.48 (Table 7).  
 
Non-algebra GLCEs 
The non-algebra GLCEs are analyzed in the same way as the algebra 
expectations.  Each GLCE is defined, sample released items shown, and the results 
discussed.  Table 9 shows the mean number of correct answers on the three test items that 
assessed each non-algebra GLCE with standard deviations for 2005 through 2007.   
Table 10 contains the differences in the mean number of correct answers on the algebra 




       
Means and Standard Deviations for Non-algebra GLCEs 








N.FL.6.14 Estimate calculations w/ rationals   1.76 0.931   1.75 1.021   1.59 1.029 
N.FL.6.15 Solve applied probs w/ decimals   2.13 0.880   1.46 0.945   2.47 0.885 
N.ME.6.17 Locate rationals  on number line   2.20
 
 0.907   1.96 1.033   2.12 0.902 
M.UN.6.01 Convert units of measurement   1.02
 
 0.762   2.07 1.013   1.01 0.823 
G.GS.6.02 
Corresponding sides/angles for 
congruent figures   1.56 0.966   1.44 0.865   2.24 0.949 
G.TR.6.03 Basic rigid motions in a plane   1.52 0.977   1.73 0.967   1.15 0.904 










  3 points possible.       
b
  21 points possible.         
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Table 10                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     




mean from  
05 to 06   (Δ1)  
Change in 
mean from 06 
to 07  (Δ2)  
Range of 
change 05 to 
07   
  |Δ1–Δ2| 
N.FL.6.14 Estimate calculations w/ rationals –0.01 –0.16 0.15 
N.FL.6.15 Solve applied probs w/ decimals –0.67 +1.01 1.68 
N.ME.6.17 Locate rationals  on number line –0.24 +0.16 0.40 
M.UN.6.01 Convert units of measurement +1.05 –1.06 2.11 
G.GS.6.02 
Corresponding sides/angles for 
congruent figures –0.12 +0.80 0.92 
G.TR.6.03 Basic rigid motions in a plane +0.22 –0.58 0.80 





 ―For applied situations, estimate the answers to calculations involving operations 
with rational numbers‖ (MDE, 2005c, p. 3). 
 The 2005 score was the highest of the 3 years with 05=1.76 correct out of three 
questions.  The next 2 years saw slight declines each year in student performance (-0.01 
from 2005 to 2006 and -0.16 the next year).  The mean went down to 07 =1.59 out of 
three questions in 2007.  Predominantly the test questions were consistent in difficulty 
and content over the years (see examples in Figures 25 and 26), and there did not seem to 
be a pattern between the type of numbers used in the problems (decimals or fractions) 
and students’ performance.   
 In 2007, however, there was one item (Figure 27) that added an additional 






















Analysis (MDE, 2007a) shows that only 42% of the students were correct on this 
question.  Over the 3 years, students were not proficient on this GLCE. 
 
N.FL.6.15 
 ―Solve applied problems that use the four operations with appropriate decimal 
numbers‖ (MDE, 2005c, p. 3). 
 Students started this GLCE well in 2005 with 05 =2.13 for three items that were 
two-step problems.  On one question that required students to carefully read the rate as 
per ½ mile and not as per mile (Figure 28) students did not do as well (57% of students 
were correct compared with 84%) as the other two that were like Figure 29.  However, 
the students in 2006 did not perform as well on items like Figure 29.  Thus when only 
26% (MDE, 2006b) of the students correctly answered the third question in this 
expectation (Figure 30), the mean declined to 06 =1.46.  The item in Figure 30 required 
students to calculate up to four unit prices which may have discouraged some students 
from attempting to calculate any answer and just guess.   
 The mean in 2007 jumped back up to 07=2.47 correct out of three questions past 
the 2005 mean.  This was in spite of a question (Figure 31) that required knowing how to 
calculate the area of a rectangle.  Students were provided formulas for area on a reference  
 




















sheet that was separate from their test booklet.  Only 40% of the students correctly 
calculated the answer (MDE, 2007a).  In summary, students were proficient on this 
expectation in 2005 and 2007. 
 
N.ME.6.17 
 ―Locate negative rational numbers (including integers) on the number line; know 
that numbers and their negatives add to 0, and are on opposite sides and at equal distance 
from 0 on a number line‖ (MDE, 2005c, p. 3). 
 Students performed best (more than 80% were correct) on items like Figure 32 
that tested opposites that are on the opposite side from 0 and at the same distance.  For 
opposites adding up to zero, the accuracy rate went down close to 70% (see Figure 33).   
 This GLCE is in three parts, and in 2005 and 2006 all three parts were assessed 
with one test item per part.  Students started at 05=2.20 correct out of three questions in 
2005 and decreased a small amount each year to end 2007 (07 =2.12 correct out of 3 
questions) with an overall decrease of 0.08 from 2005.  The problem in Figure 34 seems 
to be testing two parts of this GLCE:  that opposites add up to 0 and that they are on 
opposite sides of 0.  This could explain the drop to 60% on that question (MDE, 2006b).  
Locating fractions on the number line (55% correct) as in Figure 35 was the most 
difficult question for students (MDE, 2007a).  But overall, students remained proficient 
on this expectation all 3 years.  
 
M.UN.6.01 
 ―Convert between basic units of measurement within a single measurement 


























 The test items for this GLCE were not consistent over the 3 years.  In 2005, the 
conversion equation was not included in the question (Figure 36) and two out of the three 
questions were in the metric system.  Only 18% of the students correctly answered the 
item pictured in Figure 36, and the mean for 2005 was 05 =1.02.  In 2006, students 
performed much better on multi-step questions that were asked in U.S. Customary units 
(06=2.07 correct out of 3 questions).  I noticed that the conversion equation was 
provided in the test question in Figure 37 just as the other two questions for this GLCE.   
 The format for questions in 2007 returned to no conversion equation in the 
question and the mean dropped back to essentially the same level as 2005 (07=1.01 
correct out of 3 questions).  Only 43% of the students could answer Figure 38 correctly, 
and a mere 8% converted square feet to square inches (Figure 39) correctly even though 
it was a conversion in Customary units.  Considering all the changes made in the way 
questions were asked from year to year, my opinion is that students were doing well to be 



























 ―Understand that for polygons, congruence means corresponding sides and angles 
have equal measures‖ (MDE, 2005c, p. 5). 
 The mean for 2005 (05=1.56 correct out of 3 questions) was a low start.  The 
questions seemed to me to be clear and straightforward (Figure 40), but the students did 
not perform optimally.  In Figure 41, the wording seems to be clear.  However, students 
may have missed the word NOT when they read the question, or they may not have 
understood the symbolic notation used in the responses with 43% correct (MDE, 2005a).  
 The mean went even lower in 2006 (06=1.44 correct out of 3 questions).  Two of 
the test questions in 2006 were similar to Figure 42.  Not only did they involve more 
reading, they also required students to reason more about the properties of squares, 
rectangles, and triangles than the question in Figure 40.  Only 34% of students correctly 
answered (MDE, 2006b) the item in Figure 42 compared to 71% correctly answering a 
question similar to Figure 43 that asked about similar triangles instead of congruent ones.   
 The next year, students finally raised the mean to become proficient (07=2.24 
correct out of 3 questions) on this GLCE.   Identifying corresponding parts of congruent 
triangles, as in Figure 43, appeared to be easy for students with 80% correct (MDE, 
2007a).  
 



















 ―Understand the basic rigid motions in the plane (reflections, rotations, 
translation), relate these to congruence, and apply them to solve problems‖ (MDE, 2005c, 
p. 3). 
 This expectation has three parts:  understanding the transformation (reflection, 
rotation, or translation); relating the transformation to congruence; and applying their 
understanding to solve problems.  In 2005, two of the test items focused on relating the 
transformations to congruence and applying it to solve problems.   Only 37% correctly 
answered the question in Figure 44, and, for the question in Figure 45, 61% were correct.  
The mean for 2005 was a disappointing 05=1.52.  The next year the performance went 
up to 06=1.73 when the focus of the test questions shifted to understanding the 
transformations (Figure 46). 
 In 2007, the mean decreased to 07=1.15 with yet another type of question (Figure 
47) that only 42% answered correctly (MDE, 2007a).  The end result was that for all 3 
years students were not proficient on this GLCE.   
 


























 ―Express probabilities as fractions, decimals, or percentages between 0 and 1; 
know that 0 probability means an event will not occur and that probability 1 means an 
event will occur‖  (MDE, 2005c, p. 5). 
 This is a five-part expectation:  (a) Express probabilities as a fraction between 0 
and 1; (b) Express probabilities as a decimal between 0 and 1; (c) Express probabilities as 
a percentage between 0 and 100; (d) Know that 0 probability means an event will not 
occur; and (e) Know that probability 1 means an event will occur. 
 For this GLCE, the mean in 2005 was fairly strong (proficient) at 05=2.09.  Two 
of the items were like Figure 48, asking students to express probabilities as fractions.  
However, students did better with a question (like Figure 51) that did not require them to 
 
97 
add to get the total number of possible outcomes before determining the probability (83% 
correct compared with 47% correct for Figure 48).  Without ―probability 1‖ being 
mentioned, I feel that the third question (Figure 49) is missing the target of assessing this 
part of the expectation. 
 The test items in 2006 assessed students’ ability to express probabilities as 
fraction, percentages, and decimals, and the mean dropped to 06=1.37.  Students did best 
on the problem requiring a fraction response (55% correct).  Expressing 14 out of 20 as a 
percentage was more difficult (44% correct), and changing 1 out of 50 into a decimal 
(Figure 50) was the hardest of the three questions (37% correct).  With the return of fairly 
straight-forward fractional probability questions (Figure 51), the mean increased to 
07=1.99.  Thus students were proficient in this GLCE in 2005. 
 
























Figure 51:  2007 D.PR.6.01 released item. 
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Summary:  Non-algebra Expectations 
 Table 11 shows the non-algebra expectations for which students were proficient 
(>2.00):  Solving applied problems with decimals (N.FL.6.15; 05=2.13; 07=2.47); 
Locating rationals on the number line (N.ME.6.17; 05 =2.20; 07 =2.12); Converting 
units of measurement (M.UN.6.01; 06=2.07); Corresponding sides/angles for congruent 
figures (G.GS.6.02; 07=2.24); and Expressing probabilities as decimals, fractions, or 
percentages and knowing the meaning of probability 0 and 1 (D.PR.6.01; 05 =2.09).  
When the non-algebra expectations are considered as a group, students were not 
proficient (>14 out of 21 correct) for any of the 3 years. 
 From the range of the changes from year to year shown in Table 10, students’ 
performance was most inconsistent (range>1.0) on N.FL.6.15 (Decimal applied 
problems), M.UN.6.01 (Converting units), and D.PR.6.01 (Probabilities).  Reasons for 




Non-algebra GLCEs:  Michigan Students Achieving Proficiency  
  2005 2006 2007 
N.FL.6.14 Estimate calculations w/ rationals    
N.FL.6.15 Solve applied probs w/ decimals *  * 
N.ME.6.17 Locate rationals  on number line *  * 
M.UN.6.01 Convert units of measurement  *  
G.GS.6.02 
Corresponding sides/angles for 
congruent figures 
  * 
G.TR.6.03 Basic rigid motions in a plane    
D.PR.6.01 Probabilities as fractions/decimals/% *   





Algebra vs. Non-algebra Performance 
 Both the Algebra GLCE score and the Non-algebra GLCE score for each year 
were below 14 out of 21 possible points (see Tables 6 and 9) or below proficiency.  With 
Research Question 1 in mind, the comparison of the performance of Michigan seventh-
grade students on algebra MEAP items with their performance on non-algebra questions 
is shown in Table 12.  It shows that students in 2005 and 2006 performed better on the 
algebra GLCEs.  The trend changed in 2007 when the non-algebra scores were higher.  
Whereas the non-algebra performance declined then improved over the 3 years, the 
algebra performance declined each year (Table 12). 
 From the standpoint of range of change (Table 7 and 10), the algebra scores 
changed less than the non-algebra scores.  One algebra expectation changed by more than 
1.0 points (A.FO.6.12: Add/Subtract both sides of equation), whereas three non-algebra 
GLCEs fit this criteria (N.FL.6.15: Applied decimal problems; M.UN.6.01: Unit 





Algebra vs. Non-algebra MEAP Performance 
 




















SD   3.803   4.572   4.145 
 a





 With all but one of the standard deviations greater than 4.0 points, the variation 
within the algebra expectations and within the non-algebra expectations is greater than 
the difference between the algebra expectations and the non-algebra expectations. 
 
Research Question 2 
 The second research question asked:  For the 2005, 2006, and 2007 mathematics 
MEAP test, what is the difference in the performance of the seventh-grade ethnic groups 
in Michigan on the algebra GLCEs and the non-algebra GLCEs? 
 The focus of this analysis is on the four largest ethnic subgroups in Michigan:  
Asian, Black, Hispanic, and White.  Table 13 shows the performance of each of these 
four subgroups on the algebra expectations, and Table 14 shows the four subgroups’ 
means on the non-algebra GLCEs.  The best scores for all four subgroups appeared most 
frequently for:  
 1.  ―Finding ordered pairs in the coordinate plane‖ (A.RP.6.02) 
 2.  ―Solving linear equations‖ (A.FO.6.11) 
 3.  ―Solving applied problems with decimals‖ (N.FL.6.15)  (Note: The scores for 
all subgroups in 2006 were among the lowest for this expectation.) 
 4.  ―Locating rational numbers on the number line‖ (N.ME.6.17).   
These four expectations are the ones in which most subgroups are proficient (see Table 
15).  Looking at the lowest scores for these sub-populations, students often had difficulty 
with four expectations:   






Table 13               
Ethnic Subgroups Algebra GLCE Performance 2005–2007          
   Asian Black Hispanic White 






 2.23 1.91 2.09 1.25 1.09 1.03 1.58 1.25 1.30 2.03 1.58 1.75 
  SD 0.912 0.973 1.112 0.956 0.834 0.994 1.005 0.891 1.057 0.953 0.944 1.098 
A.RP.6.02 




 2.53 2.46 2.54 1.93 1.78 1.83 2.16 2.03 2.15 2.39 2.22 2.35 
  SD 0.732 0.948 0.755 0.977 1.092 1.004 0.917 1.100 0.958 0.825 1.064 0.858 
A.FO.6.03 




 2.42 2.18 2.52 1.72 1.29 1.83 1.88 1.40 2.01 2.22 1.89 2.34 
  SD 0.779 0.965 0.758 0.942 0.939 0.965 0.941 0.966 0.940 0.864 1.002 0.839 
A.FO.6.06 
Change words into 
algebraic equations Mean
a
 1.96 2.03 2.27 1.34 1.27 1.52 1.48 1.39 1.65 1.70 1.83 1.95 






 2.72 2.57 2.04 2.14 1.78 1.17 2.29 1.94 1.26 2.60 2.33 1.65 
  SD 0.585 0.798 2.04 0.859 1.058 0.960 0.829 1.052 0.984 0.677 0.935 1.025 
A.FO.6.12 
Add/Subtract both 




 1.81 2.33 1.83 0.84 1.55 0.98 0.95 1.73 1.06 1.34 2.10 1.32 
  SD 1.196 0.858 1.053 0.914 1.015 0.881 0.992 0.998 0.897 1.123 0.896 0.967 
A.FO.6.13 
Multiply/Divide 
both sides of 
equation to solve 
Mean
a
 1.86 2.27 1.90 1.07 1.20 1.00 1.17 1.38 1.04 1.47 1.83 1.32 
  SD 0.970 0.984 1.157 0.837 1.051 0.990 0.881 1.094 1.017 0.929 1.091 1.13 
a







Table 14               
Ethnic Subgroups Non-Algebra GLCE Performance 2005–2007         
   Asian Black Hispanic White 






 2.11 2.20 1.98 1.34 1.21 1.09 1.55 1.47 1.35 1.89 1.90 1.73 
  SD 0.867 0.937 1.023 0.904 0.968 0.946 0.911 1.000 0.992 0.901 0.982 1.007 
N.FL.6.15 




 2.44 1.77 2.74 1.68 1.04 2.03 1.99 1.28 2.32 2.27 1.58 2.59 
  SD 0.771 0.955 0.628 0.924 0.863 1.057 0.887 0.915 0.959 0.821 0.932 0.793 
N.ME.6.17 




 2.48 2.37 2.48 1.79 1.40 1.72 1.97 1.69 1.91 2.33 2.12 2.22 
 
 SD 0.780 0.897 0.761 0.982 1.021 0.956 0.971 1.038 0.926 0.844 0.979 0.855 
M.UN.6.01 




 1.15 2.45 1.35 0.84 1.63 0.72 0.92 1.86 0.84 1.07 2.19 1.08 







 1.81 1.67 2.53 1.32 1.23 1.93 1.39 1.33 2.05 1.63 1.50 2.33 
  SD 0.988 0.855 0.779 0.949 0.868 1.046 0.943 0.869 0.996 0.958 0.854 .900 
G.TR.6.03 
Basic rigid motions 
in a plane 
Mean
a
 1.88 1.99 1.46 1.10 1.27 0.89 1.35 1.48 1.00 1.64 1.86 1.21 






 2.23 1.94 2.24 1.62 0.88 1.51 1.77 1.05 1.74 2.24 1.51 2.12 
  SD 0.850 1.104 0.915 0.934 0.921 1.011 0.933 0.985 1.014 0.786 1.064 0.931 
a
 3 points possible.               












Ethnic Subgroups Proficient GLCEs 2005–2007  
   
   Asian Black Hispanic White 
   05 06 07 05 06 07 05 06 07 05 06 07 





      
* 
  
A.RP.6.02 Ordered pairs in coordinate plane 
 
* * * 
   
* * * * * * 
A.FO.6.03 Use letters w/ units for quantities 
 
* * * 





Change words into algebraic 
equations   
* * 
         
A.FO.6.11 Solve linear equations 
 







Add/Subtract both sides of 
equation to solve   
* 




Multiply/Divide both sides of 
equation to solve   
* 
          
N.FL.6.14 Estimate calculations w/ rationals 
 
* * 
          











N.ME.6.17 Locate rationals  on number line 
 
* * * 
      
* * * 
M.UN.6.01 Convert units of measurement 
  
* 




Corresponding sides/angles for 
congruent figures    
* 




G.TR.6.03 Basic rigid motions in a plane 
















2.  ―Multiplying/Dividing from both sides creates an equation with the same 
solution‖ (A.FO.6.13). 
3.  ―Converting units of measurement‖ (M.UN.6.01). 
4.  ―Understanding basic rigid transformations in the plane‖ (G.TR.06.03).   
 For A.FO.6.11 (Solving linear equations) all four subgroups’ performance 
declined each year from 2005 to 2007 (Table 16).  Each year Black and Hispanic students 
kept scoring lower each year on N.FL.6.14 (Estimating answers to rational number 
calculations).  Translating words into equations (A.FO.6.06) improved each year from 
2005 to 2007 for White and Asian students. 
 From another perspective, Table 16 also shows that in terms of consistency, the 
subgroups’ range of change from year to year tends to follow the statewide results.  
Noteworthy is that the Asian students were more consistent than other subgroups on 
D.PR.6.01 (Probabilities) and most inconsistent of the subgroups on M.UN.6.01 
(Converting units). 
 
Minority Algebra vs. Non-algebra 
 Each year the relative performance of the four groups on each GLCE remained 
the same with Asian students scoring highest, Whites next, Hispanic lower than Whites, 
and Black students the lowest (see Table 17).  In other words, the rankings of the scores 
of these subgroups stayed unchanged from 2005 to 2007.   
 When the algebra scores of the Asian students are compared with the algebra 
scores of White students (Table 18), from 2005 to 2007 the gap increased +0.71.  The 
difference in the non-algebra scores was not as big each year as the algebra gap and 




Table 16               
Ethnic Subgroups Change in Mean 2005–2007 
   
   Asian Black Hispanic White 
































A.PA.6.01 Applied rate problems 
 
–0.32 +0.18 0.50 –.16 –.06 0.10 –.33 +0.05 0.38 –0.45 +0.17 0.72 
A.RP.6.02 
Ordered pairs in coordinate 
plane  
–0.07 +0.08 0.15 –.15 +.05 0.20 –.13 +0.12 0.25 –0.17 +0.13 0.30 
A.FO.6.03 
Use letters w/ units for 
quantities  
–0.24 +0.34 0.58 –.43 +.54 0.97 –.48 +0.61 1.09 –0.33 +0.45 0.78 
A.FO.6.06 
Change words into algebraic 
equations  
+0.07 +0.24 0.17 –.07 +.25 0.32 –.09 +0.26 0.35 +0.10 +0.12 0.02 
A.FO.6.11 Solve linear equations 
 
–0.15 –0.53 0.38 –.36 –.61 0.25 –.35 –0.68 0.33 –0.33 –0.68 0.35 
A.FO.6.12 Add/Subtract both sides of 
equation to solve  
+0.52 –0.50 1.02 +.71 –.57 1.28 +.22 –0.67 0.89 +0.76 –0.78 1.54 
A.FO.6.13 
Multiply/Divide both sides of 
equation to solve  
+0.41 –0.37 0.78 +.13 –.20 0.33 +.21 –0.34 0.55 +0.36 –0.51 0.87 
N.FL.6.14 
Estimate calculations w/ 
rationals  
+0.09 –0.22 0.31 –.13 –.12 0.01 –.08 –0.08 0.00 +0.01 –0.17 0.18 
N.FL.6.15 
Solve applied probs w/ 
decimals  
–0.67 +0.97 1.64 –.64 +.99 1.63 –.71 +1.04 1.75 –0.68 +1.01 1.69 
N.ME.6.17 
Locate rationals  on number 
line  
–0.11 +0.11 0.22 –.39 +.32 0.71 –.28 +0.22 0.50 –0.21 +0.10 0.31 
M.UN.6.01 Convert units of measurement 
 
+1.30 –1.10 2.40 +.79 –.91 1.70 +.94 –1.02 1.96 +1.12 –1.11 2.23 
G.GS.6.02 
Corresponding sides/angles 
for congruent figures  
–0.14 +0.86 1.00 –.09 +.70 0.79 –.03 +0.72 0.75 –0.13 +0.83 0.96 
G.TR.6.03 Basic rigid motions in a plane 
 













Ethnic Performance on Algebra and Non-Algebra Items by Ethnicity 
 
 2005 2006 2007 
 M SD N M SD N M SD N 
Asian 
 
Algebra 15.54* 4.096      2814 15.75* 4.515     2957 15.19* 4.901         3072 
Non-algebra 14.10* 3.793      2814 14.41* 4.443     2957 14.78* 3.946         3072 
Black 
 
Algebra 10.29 3.752    27154 9.97 4.271    25901 9.36 4.007       24027 
Non-algebra 9.68 3.574    27154 8.66 3.974    25901 9.90 3.878       24027 
Hispanic 
 
Algebra 11.50 3.912      5212 11.12 4.436      5430 10.47 4.214        5700 
Non-algebra 10.94 3.473      5212 10.16 4.233      5430 11.20 3.995        5700 
White 
 
Algebra 13.74 3.921     94508 13.78 4.503     92951 12.68 4.446       89381 





 Comparing the algebra scores of Black students (Table 18) with those of the 
White students, the gap increased in 2006 but decreased in 2007 to 0.13 below the 2005 
level.  The gap in the non-algebra items followed the same pattern of increase in 2006 
and decrease in 2007, so that the 2007 gap returned to approximately the same level as 
2005 (+0.01 difference between the 2005 gap and 2007 gap).  The algebra gap between 








 The gap between Hispanic and White students increased both in algebra and non-
algebra expectations in 2006 and then narrowed in 2007 to almost the same gap as at first 
(-0.03 lower).  Each year from 2005 to 2007, the algebra gap between Hispanics and 
Whites was larger than the non-algebra gap.   
 Except for Asian students, 2007 non-algebra scores rose higher than algebra 
scores (Table 18) after 2 years of the reverse trend.  For 2005 to 2007, the MEAP test had 
three test questions for each expectation.  Due to a different testing schedule, in 2008 
there were two test items for each GLCE instead of three so that the algebra and non-
algebra scores were out of 14 possible instead of 21 possible.  In order to compare, the 
scores were converted to percentages (see Appendix I).  Just as in 2007, students 
performed higher on the 2008 non-algebra expectations than on the algebra.  For Asian 
students, the 2008 non-algebra score was higher. 
 Table 19 shows the rankings for each ethnic subgroup of each GCLE in order to 
see if the performance of the subgroups parallels the performance of all Michigan 
seventh-grade students.  These rankings show that if an expectation was difficult for all 
students, then it was difficult for each ethnic group.  Therefore the results of the analysis 
Table 18 
Difference in Means (Compared to White Students) 
 Asian Black Hispanic 
Yr. Algebra Non-alg Algebra Non-alg Algebra Non-alg 
2005 +1.80 +1.04 -3.45 -3.38 -2.24 -2.12 
2006 +1.97 +1.75 -3.81 -4.00 -2.66 -2.50 
2007 +2.51 +1.49 -3.32 -3.39 -2.21 -2.09 
Total +2.08 +1.42 -3.52 -3.52 -2.39 -2.17 
 
109 




 In analyzing the MEAP data for Research Question 1, the algebra performance of 
seventh-grade Michigan students was higher than the non-algebra performance in 2005 
and 2006.  Then in 2007 and 2008, the students performed better on the non-algebra  
 
Table 19              
Ethnic Scores on Each GCLE by Rank      















































































































































































































































































2005               
Asian 4 2 3 5 1 7 6 4 2 1 7 6 5 3 
Black 5 2 3 4 1 7 6 4 2 1 7 5 6 3 
Hispanic 4 2 3 5 1 7 6 4 1 2 7 5 6 3 
White 4 2 3 5 1 7 6 4 2 1 7 5 6 3 
All 4 2 3 5 1 7 6 4 2 1 7 5 6 3 
2006               
Asian 7 2 5 3 1 3 4 3 6 2 1 7 4 5 
Black 7 1 4 5 1 3 6 5 6 2 1 4 3 7 
Hispanic 7 1 4 5 2 3 6 4 6 2 1 5 3 7 
White 7 2 4 5 1 3 5 3 5 2 1 7 4 6 
All 7 1 5 6 2 3 4 3 5 2 1 6 4 7 
2007               
Asian 5 1 2 3 4 7 6 5 1 3 7 2 6 4 
Black 5 1 1 3 4 7 6 5 1 3 7 2 6 4 
Hispanic 4 1 2 3 5 6 7 5 1 3 7 2 6 4 
White 4 1 2 3 5 6 6 5 1 3 7 2 6 4 
All 4 1 2 3 5 7 6 5 1 3 7 2 6 4 
Note:  1=highest score, 7=lowest. 
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portion of the test.  For Research Question 2, Black, Hispanic, and White students 
followed the same trend of 2 years of better algebra performance followed by 2 years of 
better non-algebra performance.  Asian students performed higher on the algebra 
expectations until 2008.  The achievement gap experienced by minority groups increased 
and decreased from 2005 to 2007 so that the gap remained essentially the same. 
 For the selected GLCEs, the major findings of this study in answer to Research 
Question 1 are: 
1.  There was no consistent improvement or decline in the mean of Michigan 
student scores on the individual sixth-grade algebra and non-algebra GLCEs from 2005–
2007.  The combined algebra mean declined over the 3 years while the mean of the 
combined non-algebra expectations declined and then rose. 
2.  There were four algebra expectations and two non-algebra expectations for 
which the mean scores of Michigan seventh-grade students were not proficient each year 
from 2005–2007. 
a.  A.PA.6.01 (Applied rate problems) 
b.  A.FO.6.06 (Translating words into equations) 
c.  A.FO.6.12 (Adding/subtracting the same value from equations to solve) 
d.  A.FO.6.13 (Multiplying/dividing the same value from equations to solve) 
e.  N.FL.6.14 (Estimating calculations done with rational numbers) 
f.  G.TR.6.03 (Basic rigid transformations in a plane). 
The mean scores of Michigan seventh-grade students were proficient on one 
algebra expectation from 2005–2007 (A.RP.6.02—Plotting ordered pairs of integers on a 
coordinate plane).  The mean scores of the combined algebra GLCEs and the combined 
 
111 
non-algebra GLCEs were below proficiency for Michigan seventh-grade students from 
2005–2007. 
 The major findings of this study concerning the selected GLCEs that answer 
Research Question 2 are:   
1.  There was no consistent improvement or decline in the mean of the scores of 
the four largest ethnic groups of Michigan students on the individual sixth-grade algebra 
and non-algebra GLCEs.  There was no consistent improvement or decline in the mean of 
the combined algebra scores and the combined non-algebra scores of the four largest 
ethnic groups of Michigan students. 
2.  Student scores, rather than proficiency percentages that depend on cut scores, 
show that the achievement gap between ethnic groups remains essentially the same from 
year to year. 
3.  There was an algebra expectation (A.RP.6.02—Plotting ordered pairs of 
integers in the coordinate plane) and a non-algebra expectation (N.ME.6.17—Locating 









DISCUSSION OF RESULTS 
 
 
 This chapter gives a brief restatement of the purpose, methods, and the results of 
this project.  The results are discussed for each research question, and recommendations 
for practice and further research are made.   
 
Purpose 
The purpose of this study was to document sixth-grade mastery of mathematics as 
measured by the seventh-grade Michigan Education Assessment Program (MEAP) over a 
period of 3 years:  2005, 2006, and 2007.  This study also investigated if the mathematics 
performance in Michigan is related to ethnicity by analyzing student responses on the 
seventh-grade MEAP which evaluates students’ mastery of the Michigan mathematics 
sixth-grade-level content expectations (GLCEs). 
 
Methods 
 The following two research questions were investigated for this project: 
1.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of Michigan seventh-grade students on the algebra GLCEs and their 
performance on the non-algebra GLCEs?  
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2.  For the 2005, 2006, and 2007 mathematics MEAP test, what is the difference 
in the performance of the seventh-grade ethnic groups in Michigan on the algebra GLCEs 
and the non-algebra GLCEs? 
 I received from the Michigan Department of Education the 2005, 2006, and 2007 
responses to the seventh-grade mathematics MEAP test.  For each student who took the 
test, their gender, ethnicity, response given for each released item, and whether that 
response was correct was indicated in the data.  Each released item is identified by the 
MDE with one of the sixth-grade mathematics GLCEs.  There were three test items that 
assessed each GLCE; and, since the responses to the GLCEs were scored either 0 
(incorrect) or 1 (correct), three points were possible for each GLCE.  
 The scores for the seven algebra GLCEs identified for research were added 
together to give a maximum of 21 points for an algebra score.  Likewise a non-algebra 
score was calculated as the total points for the seven non-algebra GLCEs (21 points 
possible).  Since I did not collect the data, this was a secondary data analysis.  The census 
of the population of seventh-grade Michigan students was studied, making this a 
descriptive analysis with a comparative group design. 
 
Results 
 For the selected GLCEs, the major findings of this study in answer to Research 
Question 1 are: 
1.  There was no consistent improvement or decline in the mean of Michigan 
student scores on the individual sixth-grade algebra and non-algebra GLCEs from 2005–
2007.  The combined algebra mean declined over the 3 years while the mean of the 
combined non-algebra expectations declined and then rose. 
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2.  There were four algebra expectations and two non-algebra expectations for 
which the mean scores of Michigan seventh-grade students were not proficient each year 
from 2005–2007. 
a. A.PA.6.01 (Applied rate problems) 
b. A.FO.6.06 (Translating words into equations) 
c. A.FO.6.12 (Adding/subtracting the same value from equations to solve) 
d. A.FO.6.13 (Multiplying/dividing the same value from equations to solve) 
e. N.FL.6.14 (Estimating calculations done with rational numbers) 
f. G.TR.6.03 (Basic rigid transformations in a plane). 
The mean scores of Michigan seventh-grade students were proficient on one 
algebra expectation from 2005–2007 (A.RP.6.02—Plotting ordered pairs of integers on a 
coordinate plane).  The mean scores of the combined algebra GLCEs and the combined 
non-algebra GLCEs were below proficiency for Michigan seventh-grade students from 
2005–2007. 
 The major findings of this study concerning the selected GLCEs that answer 
Research Question 2 are:   
1.  There was no consistent improvement or decline in the mean of the scores of 
the four largest ethnic groups of Michigan students on the individual sixth-grade algebra 
and non-algebra GLCEs.  There was no consistent improvement or decline in the mean of 
the combined algebra scores and the combined non-algebra scores of the four largest 
ethnic groups of Michigan students. 
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2.  Student scores, rather than proficiency percentages that depend on cut scores, 
show that the achievement gap between ethnic groups remains essentially the same from 
year to year. 
3.  There was an algebra expectation (A.RP.6.02—Plotting ordered pairs of 
integers in the coordinate plane) and a non-algebra expectation (N.ME.6.17—Locating 
rational numbers on the number line) that differentiated ethnic subgroups.   
 
Discussion 
Research Question 1 
Algebra and Non-algebra Performance 
Fluctuations 
 
 For the 14 GLCEs included in this study, seven scores (three algebra and four 
non-algebra)
1
 decreased in 2006 and went back up in 2007.  Four scores (two algebra and 
two non-algebra)
2
 increased in 2006 and went back down in 2007.  One score 
(A.FO.6.06: Changing words into equations) went up each year.  Two GLCEs saw a 
consistent decline over the 3 years:  A.FO.6.11 (Solve Linear equations) and N.FL.6.14 
(Estimation with rationals).  Thus, there was no definitive pattern to the improvements or 
declines in student performance on the 14 GLCEs.   
 When the algebra performance is compared to the non-algebra performance 
(Table 20), the algebra mean is higher for 2005 and 2006.  In 2007 students performed 
                                                 
 
1
 A.PA.6.01 (Rate problems), A.RP.6.02 (Plotting ordered pairs), A.FO.6.03 (Variables w/ units), 
N.FL.6.15 (Applied decimal problems), N.ME.6.17 (Locate rationals on number line), G.GS.6.02 
(Corresponding sides/angles), D.PR.6.01 (Probabilities as decimals/fractions/percentages). 
 
2
 A.FO.6.12 (Add/subtract sides of equation to solve), A.FO.6.13 (Multiply/divide sides of 




better on the non-algebra items.  To see if the trend continued the following year, the 
2008 results were analyzed, but, since the number of items for each GLCE was reduced 
to two, the scores in Table 20 were converted to percentages in order to compare relative 
performance.  Even though the non-algebra percentage in 2008 was higher, I hesitate to 
say that the trend continued since the reduction in items reduces the reliability of the test 






 Changes made each year in the test questions were accompanied by increases and 
decreases depending on which way the item was changed:  (a) multi-step problems versus 
one-step problems; (b) one aspect of the GLCE as opposed to another aspect of the 
GLCE being assessed; (c) the test item not assessing the skill associated with the GLCE; 
and (d) the amount of reading in the question.  Further, even when the items appeared to 
be clear and valid each year, student scores still fluctuated from year to year.  These test 
item writing issues are demonstrated in the GLCEs that had the greatest range of 
difference over the 3 years:  A.FO.6.12 (Add/Subtract both sides of equation) 
range=1.48; N.FL.6.15 (Applied problems with decimals) range=1.68; M.UN.6.01 
Table 20    
Algebra vs. Non-algebra MEAP Performance 







   8.20
b
 







   9.37
b
 
 58.5% 56.1% 59.8% 66.9% 
a 
Out of 21 correct.  
b
 Out of 14 correct. 
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(Convert units of measurement) range=2.11; and D.PR.6.01 (Probabilities as 
fractions/decimals/percents) range=1.34.  (See Tables 7 and 10.)  
 
Non-proficient Performance 
 For all 3 years, students were not proficient on the following four algebra GLCEs 
and two non-algebra GLCEs:  A.PA.6.01 (Applied rate problems); A.FO.6.06 (Change 
words into equations); A.FO.6.12 (Add/Subtract both sides of equations); A.FO.6.13 
(Multiply/Divide both sides of equation); N.FL.6.14 (Estimation with rationals); 
G.TR.6.03 (Basic transformations).  On the other hand, each year students were 
proficient on A.RP.6.02 (Ordered pairs in coordinate plane).  What about these 
expectations make them difficult or easy for students? 
 This study was conducted in a similar fashion as a study completed in 2007 by 
researchers analyzing the 2003 NAEP mathematics data and released items.  They 
categorized and summarized difficulties fourth- and eighth-grade students have with the 
NAEP test.  Difficulties include:  
 1.  Contextual problems in all strands (D’Ambrosio, Kastberg, & Lambdin, 2007; 
Chazan et al., 2007; Kastberg & Norton, 2007) 
 2.  Multiplication and division problems being more difficult than addition and 
subtraction (Warfield & Meier, 2007) 
 3.  Geometric transformation questions (Blume et al., 2007) 
 4.  Questions requiring interpretation of data information in tables and graphs 
(Tarr & Shaughnessy, 2007) 
 5.  Multi-step or non-routine questions (Lubienski & Crockett, 2007) 
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 6.  Difficulties with the amount of reading, with the wording used, and with 
reading mathematical symbols (D’Ambrosio et al., 2007). 
 All but one of the MEAP test items (G.TR.03) assessing the GLCEs for which 
students were not proficient contained contextual obstacles.  All six of the non-proficient 
GLCEs, however, did contain higher reading loads and more wording trouble than other 
test items.  Two expectations (A.FO.6.12 and A.FO.6.13, Same operation to both sides of 
equation) presented barriers with reading the math symbols contained in the questions.  
Plotting ordered pairs of integers (A.RP.6.02) may have been easier for students to master 
due to less reading and being one-step problems.  Overall, the results of this study agree 
with the results of the analysis of the 2003 NAEP. 
 
Standards-Based Assessment 
 Looking at the scores for the expectations that increased and decreased over the 3 
years, a clear pattern did not appear to be evident.  However, when the test questions 
were examined in relationship to the score fluctuations, some trends between the 
structure of the item and the expectation emerged.   
 If the test question involved more than one step to solve, a corresponding decrease 
in students’ scores occurred.  This happened in A.PA.6.01 (Applied rate problems; 
Figures 3 and 4) and N.FL.6.15 (Solve problems with decimals; Figures 28 and 29).  This 
could either be a demonstration of the change mechanism and strategy construction 
utilized in Siegler’s (1998) information-processing theory that is an indication that the 
intrinsic cognitive load needed to be reduced (Ayres, 1996; Pawley et al., 2005) or an 
example where students’ procedural skill and conceptual understanding were out of 
balance (Rittle-Johnson et al., 2001).  A formatting item-design issue of including the 
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conversion equation in the problem (M.UN.6.01; Converting units of measurement; 
Figure 37) could also indicate a reduction of the cognitive load that was accompanied by 
higher scores. 
 Making sure assessment questions measure the skill for which it is designed is an 
issue of validity.  Questions that can be answered without having mastery of the GLCE 
do not truly assess the expectation.  The item A.FO.6.06 (Changing words into equations) 
in Figure 12 was worded in a way that tested whether or not the student knew that 
     =x instead of how to translate the words, ―square root of x2‖ into symbolic form.  
A.FO.6.12 (Adding/Subtracting from both sides of an equation; Figures 15-20) included 
problems that were easily answered by substitution, which is not part of this expectation.  
These test questions do not accurately reflect the standard being assessed, which is the 
second principle out of nine that was adopted in 1993 by the First National Symposium 
on Equity and Educational Testing and Assessment (Linn, 1999) and should serve as a 
reminder to us that validity needs to be shown before allowing a test to serve as an 
evaluative instrument.  The validity of a question that includes content that may be 
outside or less familiar to a student’s experience would also be limited.  The test items 
that included metric measurements as opposed to U.S. Customary units (M.UN.6.01; 
Converting units of measurement; Figure 38 and 39) were associated with lower scores.  
All Michigan students should have experience with metric measurements, but the 
exposure to and familiarity with metric units may vary greatly across the state. 
 The alignment of curriculum, instruction, and assessment is critical, especially in 
our high-stakes testing environment.  Yet, with the U.S. education system burdened with 
so many standards, differences in what is actually taught occur across state borders, 
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across town, and even across the hall.  This inevitably means that there will be test 
questions covering content that students, particularly those belonging to minority groups, 
have not been taught (Allen, 2005; Bali & Alvarez, 2004; Fuson et al., 2000; Knapp & 
Shields, 1995; Knapp et al., 1990; Lane & Silver, 1999; Linn, 1999; Means et al., 1991; 
Schmidt & Cogan, 2009; Woodward & Brown, 2006).  Figure 22 (A.FO.6.13; 
Multiplying/Dividing both sides of equation) that includes a diagram of algeblocks being 
used to solve an equation illustrates this.  As pictured in the test question, what if the 
teacher did not use algeblocks during instruction on solving equations?  Alternately, if 
algeblocks were used but diagrams of the movement of the blocks to transition to solving 
equations were not, this question might be puzzling.  As I look at the diagram used in this 
question, I still feel that students with no experience with algeblocks are at a 
disadvantage.  Judging by the confusing test items and the low scores, the test makers had 
difficulty in writing clear questions for A.FO.6.12 (Adding/Subtracting both sides of 
equation) and A.FO.6.13 (Multiplying/Dividing both sides of equation).  Since these two 
expectations are skills that are used in mastering A.FO.6.06 (Solving linear equations), 
why not eliminate them? 
 In my analysis, I noticed that, for expectations that consisted of more than one 
aspect, different parts of the GLCE were tested in different years.  This reduces the 
reliability of test scores and could explain the unpredictability of increases and decreases 
in students’ scores.  For example, A.FO.6.11 is written as ―relate simple linear equations 
with integer coefficients, e.g.[sic], 3x=8 or x+5=10, to particular contexts and solve.‖  
Relating equations to particular contexts was assessed in 2005, but in 2006 all the test 
items for this GLCE measured the students’ ability to solve linear equations.  Was the 
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decrease due to a poorer mastery of the entire GLCE or due to students’ greater difficulty 
with one part of the expectation over the other?  Would the scores have been more 
consistent from 2005 to 2006 if the content of the questions had been consistent?  
Perhaps using McMillan’s (2008) guidelines for increasing reliability could help the 
MEAP:  minimize variations in difficulty from year to year, maintain a mix of difficulty 
in items that range from 40% to 70% correct, and increase the items per GLCE to either 
three or five—definitely not two as it is currently. 
 
Research Question 2 
Ethnic Mathematics Performance 
 When the ethnic subgroups are examined, Black, Hispanic, and White students 
had the same relative performance as Michigan students statewide (Table 21).  Asian 
students differed slightly; their algebra performance was higher than the non-algebra for 
the 3 years, but in 2008 the non-algebra percentage was higher.  Is this due to the Asian 
students performing better on non-algebra expectations, or is it due to a less reliable test?   
 
Table 21 
2005 to 2008 Means and Percentages 
 
Asian Black Hispanic White  
 
Algebra Non-Alg Algebra Non-Alg Algebra Non-Alg Algebra Non-Alg  
2005 15.54a 14.10a 10.29a 9.68 a 11.50a 10.94a 13.74a 13.06a  
 
74.0% 67.1% 49.0% 46.1% 54.8% 52.1% 65.4% 62.2%  
2006 15.75a 14.41a 9.97a 8.66 a 11.12a 10.16a 13.78a 12.66a 
 
 
75.0% 68.6% 47.5% 41.2% 53.0% 48.4% 65.6% 60.3% 
 
2007 15.19a 14.78a 9.36a 9.90a 10.47a 11.2  a 12.68 a 13.29a  
 
72.3% 70.4% 44.6% 47.1% 49.9% 53.3% 60.4% 63.3%  
2008 10.18b 11.05b 6.66b 7.44b 7.32b 8.47b 8.58b 9.86b  
 
72.7% 78.9% 47.6% 53.1% 52.3% 60.5% 61.3% 70.4%  
a 
 Out of 21 correct.  
b 
 Out of 14 correct. 
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 Thus the algebra/non-algebra comparison for three of the four largest ethnic 
groups in Michigan is the same—algebra scores higher in 2005 and 2006, non-algebra 
scores higher in 2007.  Asian students’ algebra scores remain higher from 2005 to 2007.  
In the scope of this study, no clear pattern is evident to establish an apparent difference in 




 Using student responses, I found that the achievement gap is frustratingly the 
same but with fluctuations from year to year.  This is a different picture from the one 
based on proficiency percentages that were reported by Katie Haycock (2006) who 
interpreted proficiency figures from state assessment results as the narrowing of the 
achievement gap.  Deborah Perkins-Gough (2007) made reference to the large difference 
in what is considered proficient from state to state, how some states inflate their reading 
results by making the reading test easier than the mathematics test, and how twice as 
many states made their state tests easier as made their tests more difficult.  She classified 
Michigan among the four states with the lowest proficiency standards in mathematics.  
Thus, instead of state assessment results, Perkins-Gough used NAEP scores to conclude 
that the achievement gaps between White students and minority students have, in general, 
not narrowed. 
 In the midst of my frustrations with the achievement gap, I had to take a second 
look at my results, because there was a steady increase in the algebra gap between the 
Asian and White students from 2005-2007.  Instead of the Asian students improving their 
algebra scores, the 2007 scores for the Asian students decreased but not as much as the 
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decrease in the scores for the White students.  Thus the widening gap between Whites 
and Asian students is not an indication that the performance of Asian students in algebra 
is increasing. 
 This study found that all four ethnic subgroups were not proficient in their mean 
scores for G.TR.03 (Basic transformations in a plane).  Michigan students are not alone 
in having difficulty with this topic.  Blume et al.’s (2007) analysis of the 2003 NAEP 
reported eighth-grade students’ persistent difficulty with geometric transformations 
nationwide.  Having more than one aspect, this expectation needs careful assessment 
questions especially in the light of this difficulty.  Analysis of the released items for this 
GLCE showed that the part of the expectation that was assessed changed each year.   
 Frequently authors and researchers (Allen, 2005; Bali & Alvarez, 2004; Fuson et 
al., 2000; Knapp & Shields, 1995; Knapp et al., 1990; Linn, 1999; Means et al., 1991; 
Nettles & Nettles, 1999; Ogbu, 1994; Stringfield & Herman, 1997; Thomas, 2005; 
Woodward & Brown, 2006) have reported the inequities in the education and the 
curriculum that is taught to minority students.  Keeping this in mind, when I view the 
persistent differences in achievement scores, instead of seeing ineffective schools or 
incompetent students, I see the inevitability of the achievement gap fueled by a test that 
probably covers material or thinking strategies that the minority student was not taught.   
 
Minority Differences 
 Table 15 indicates the proficient GLCE for each subgroup.  Black students were 
not proficient for all 3 years on A.RP.6.02 (Plotting ordered pairs of integers in the 
coordinate plane) while the other three subgroups were proficient each year.  Similarly, 
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Asian and White students were proficient in locating rational numbers on the number line 
(N.ME.6.17) whereas Black and Hispanic students were not proficient all 3 years. 
 Is there something different about these two expectations that make them 
particularly difficult for Hispanics and Black students?  I have previously cited research 
on the differences in learning styles of African American students (Allen, 2005; Bali & 
Alvarez, 2004; Castenell & Castenell, 1988; Fuson et al., 2000; Knapp & Shields, 1995; 
Knapp et al., 1990; Means et al., 1991; Slonim, 1991; Woodward & Brown, 2006).  Ruby 
Payne (1996) presented a list of problems that minority students bring to the classroom, 
two of which are:  lack of vocabulary to deal with cognitive tasks, and impaired spatial 
orientation.  Latinos face similar vocabulary challenges.  Could these have particularly 
contributed to the difficulties in dealing with understanding the question covering these 
expectations and locating numbers on a number line or a coordinate grid? 
 
Questions 1 and 2 
 The analysis done in chapter 4 of these GLCEs aligns with research literature on 
assessment that discusses item-design issues of standardized test questions and the effect 
on student performance regardless of ethnicity.  Warfield and Meier (2007) used NAEP 
data to support that multi-step problems are more difficult for students than one-step 
problems (N.FL.6.15), and students perform better on addition and subtraction equations 
than on multiplication and division (A.FO.6.11).  Kulm et al. (2005) worked with 
identifying portions of standards that are necessary and sufficient for the successful 
completion of test items.  Their research, based on the procedure developed by the 
American Association for the Advancement of Science for analyzing the content and 
quality of assessment items, would help with the Michigan GLCEs that have more than 
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one aspect and help with aligning the test questions with the standards (A.FO.6.12, 
D.PR.6.01).  Walker et al. (2008) found that mathematics questions which include real-
world contexts also are measuring a student’s reading ability (G.GS.6.02).  D’Ambrosio 
et al. (2007) also found that the language used in the test items and students’ over-
interpretation of reality in contextual problems interfered with student performance 
(A.FO.6.01). 
 From my experience in administering the MEAP, I know that the scores that 
students receive can depend on the motivation of the student, the testing environment, the 
instruction received, and the school climate.  When the Michigan Department of 
Education offered scholarships for performing at Level 1 or 2, students were more serious 
about the test, since it had a personal reward attached to good performance.  When a 
student comments that they just bubbled in answers because they ―never had that stuff,‖ I 
know that either the curriculum needs to change or there was something missing in that 
student’s instruction.  I have also experienced the negative effect of a chaotic school 
climate on test scores.  Thus, for a motivated student in a poor testing environment or a 
disengaged student in an excellent school climate and testing situation, for example, even 
the best designed test can result in a low score.  Test questions that vary in quality, 
different emotional states of students, a wide variety of testing conditions, and disparities 
in curriculum taught all contribute to the wide variability in the test scores.  With so 
many factors, there is no surprise at the large standard deviations that occurred in the 








Algebra and Non-Algebra Fluctuations 
 Consistency in the proportion of question types on the MEAP (e.g., one-step, 
multi-step, recall, critical thinking questions) needs to be maintained from year to year.  
The amount of reading included in test questions for each GLCE should be monitored 
carefully to ensure uniform distribution of the reading inserted into the mathematics 
questions every year. 
 With more variation in student performance in the non-algebra GLCEs as 
compared to the algebra expectations, I would recommend that Michigan sixth-grade 
teachers to continue to include instruction on number and operations, measurement, 
geometry, and data analysis and probability in spite of the current algebra fad that 
educators face.  After all, the Number and Operations GLCEs in the sixth grade out-
number the algebra GLCEs (20 to 14) and serve as the foundation for the development of 
students’ algebraic reasoning.  Geometry, measurement, and data analysis and probability 
all have connections with algebra.  Therefore, sixth-grade teachers need not fear 
neglecting to cover some algebra GLCEs if they spend some time on the 10 GLCEs 
covering geometry, measurement, and data analysis and probability. 
 
Non-proficient Performance 
 Regardless of improvements reported by the media, the question that echoes in 
my mind is, ―Shouldn’t the mean performance of Michigan students be greater than 14 
out of 21 algebra questions and greater than 14 out of 21 non-algebra questions?‖  In 
other words, expecting Michigan students to learn more than two thirds of the 
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mathematics should be normal.  The only subgroup that has had noticeable success is the 
Asian student group, which is only about 2% of the seventh-grade Michigan school 
population.  So it is not difficult to decide whether or not our students need to improve 
their skills and abilities in applying mathematical reasoning.   
 From my comparison of the MEAP released items with student scores, some areas 
of mathematical content were more difficult for students.  The equations involving 
multiplication and division, expressing probabilities as decimals and percentages, the 
items with more reading, and the metric system were areas for which Michigan students’ 
scores were lower compared with other test questions.  This could serve as a guide for 
adjustments that need to be made in curriculum and instruction. 
 
Standards-Based Assessment 
 The MEAP District and Building Coordinator Handbook supplied each year by 
the Office of Educational Assessment and Accountability (OEAA, 2007) describes the 
assessment development process as a carefully followed process involving many 
educators from all levels in an assortment of committees and incorporating pilot tests and 
field tests, utilizing current psychometric practices in all phases of the development, 
administration, analysis, and scoring of the MEAP.  My recommendation is to continue 
these efforts to ensure that the GLCEs are assessed the same way each year.  First, there 
needs to be a minimum of three (preferably 5) test items that assess each expectation.  
Two questions to test a GLCE not only brings the reliability of the test in question, it also 
makes determining proficiency in an expectation uncertain.  Second, the range of 
difficulty of questions needs to be uniform from year to year, and the number of 
questions of each level of reasoning needs to be consistent as well.  In other words, avoid 
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including all recall questions one year and all higher level or multi-step the next.  From 
year to year, there should be parallelism in the variety of difficulty and cognitive level of 
the questions.  Third, if the GLCE contains several aspects, then assess all aspects each 
year.  Lastly, make sure that test items do not slip through the cracks of the development 
process and actually assess the skill targeted by the expectation. 
 
For Further Research 
Algebra and Non-algebra Fluctuations 
 What other variables may be affecting student scores when there is nothing 
apparently faulty with the test item and still student performance varies from year to 
year?  How can these variables be identified?  Should Michigan include a background 
survey similar to the one given with the NAEP that includes questions about a student’s 
attitude toward math, school environment, and other home environment questions?  More 
research is needed in order to answer these questions. 
 
Non-proficient Performance 
 The relationship of the reading load and wording of the question with student 
scores points to the need for additional research in the design and effectiveness of reading 
in content area programs and professional development for all subject teachers.  Further 
studies could include research in how to improve students’ learning how to read and 
understand mathematical symbols.  The problem that students have with contextual test 
questions could be researched further from the standpoint of the field of situated 






 During the process of analyzing the released items, I reviewed the MEAP 
development process and concluded that the process, as described, seemed to involve 
enough safeguards to prevent poorly designed items from being put on the test.  (The 
process is described in chapter 3, Instrumentation.)  Thus I was surprised to find items on 
the test that needed to be improved.  How did those questions escape getting eliminated 
or revised?  I believe this deserves a team of independent evaluators to determine.  So 
much is riding on the MEAP that the effort to improve validity should be in everyone’s 
interest.   
 With the predominant multiple choice structure of the MEAP, assessing the 
evidence of complex learning is very limited (Brookhart, 2009; Chappuis et al., 2009).  
Imagine being able to assess students’ performance on complex, multi-step problems and 
having a record of each individual’s approach to the problems.  Think of students 
conducting a simulated experiment or analyzing a simulated complex ecosystem and 
being able to monitor what they have done and how they organized their procedures and 
interpreted their results.  This is technology-based assessment that is being developed by 
the Problem Solving in Technology-Rich Environments Project and definitely deserves 
the investment necessary to complete it (Tucker, 2009).  With the ability to evaluate both 
content and process, this method of testing has the potential to bring assessment closer to 
the instruction taking place in the classroom and could be a more useful instructional tool 
than the present limited multiple choice evaluation instrument.  More research needs to 




Ethnic Mathematics Performance 
and Achievement Gap 
 
 Much of the research (e.g., Cronin et al., 2007; Kober et al., 2008; Lubienski, 
2001; Lubienski & Crockett, 2007) that incorporates NAEP results uses student scores to 
come to conclusions about the achievement gap.  The test results of any state can be 
analyzed in a similar manner as this study to monitor the level at which minority students 
in their state are currently performing. 
 The scores and the lack of proficiencies of Michigan students in all strands show 
that minority students need better understanding of all the mathematics strands for the 
sixth grade, not just algebra.  Perhaps the ―Algebra for All‖ debate should instead become 
known as ―Mathematics for All.‖  Definitely, there needs to be more research into the 
best way to raise the math achievement of minority students so that they pursue advanced 
math courses in high school. 
 I would like to see a study or an evaluation done of the K–12 mathematics 
curricula actually taught across Michigan.  Surely, by now, on paper each district’s 
proscribed mathematics curriculum matches the Michigan mathematics Grade Level 
Content Expectations.  However, an evaluation of what is actually taught and how it is 
taught in districts across the state should reveal the inequities experienced by our 
minority students.  Where are the inequities and, more important, what can be done to 
eliminate them? 
 The lists that Ruby Payne (1996) and Judit Moschkovich (1999) developed beg 
for further research to identify more instructional strategies and effective professional 
development that will help teachers to address the needs of minority students.  Districts 
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also need assessment instruments that can be used to place minority students who may 
enroll in any school at any time during the school year in the appropriate math class. 
 
Minority Differences 
 Schools use interactive software designed to correct problems with students’ eye 
muscle movements in order to improve their reading abilities.  Could this software also 
improve students’ mastery of visual mathematics or of symbolic mathematics as well?  
The literature about this software claims to improve students with mathematics 
difficulties, but further research is needed to explore more specifically what mathematical 
skills it will develop. 
 A reliable process needs to be developed to identify more than just language 
proficiency for Hispanic students.  Included in the English Language Proficiency 
Assessment (ELPA) process could be a ―MLPA‖ or ―Mathematics Language Proficiency 
Assessment.‖  This would prevent mathematically capable Hispanic students from being 
bored by being placed in a low-level mathematics class just because of limited English. 
 To help in the effort to eliminate the existing inequities in our nation’s 
educational opportunities, I feel that the NAEP data available on-line 
(nces.ed.gov/nationsreportcard/nde/) could continue to be researched for more 
information on possible causes of the achievement gap and existing trends so that 
educators can be better equipped in facing the challenges of eliminating it. 
 
Conclusion 
 Take a moment and imagine a school or a school district in any state where all 
students have access to high-quality, engaging mathematics instruction.  A school where 
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there are ambitious expectations for all, with accommodation for those who 
need it.  Knowledgeable teachers have adequate resources to support their work 
and are continually growing as professionals.  The curriculum is mathematically 
rich, offering students opportunities to learn important mathematical concepts 
and procedures with understanding.  Technology is an essential component of 
the environment.  Students confidently engage in complex mathematical tasks 
chosen carefully by teachers. . . . Teachers help students make, refine, and 
explore conjectures on the basis of evidence and use a variety of reasoning and 
proof techniques to confirm or disprove those conjectures.  Students are flexible 
and resourceful problem solvers.  Alone or in groups and with access to 
technology, they work productively and reflectively, with the skilled guidance 
of their teachers.  Orally and in writing, students communicate their ideas and 
results effectively.  They value mathematics and engage actively in learning it. 
(NCTM, 2000, p. 3) 
 
Shouldn’t all students be able to attend this school?  It cannot not be a mere 
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3rd 4th 5th 6th 7th 8th
12t
h
All 90% 86% 74% 73% 73% 72% 53%
Black 76% 69% 51% 48% 48% 45% 21%
White 94% 91% 81% 80% 80% 79% 65%
Asian 97% 95% 90% 90% 88% 89% 71%



















2007 Math MEAP Statewide
3rd 4th 5th 6th 7th 8th 12th
All 86% 81% 72% 64% 59% 62% 48%
Black 70% 59% 48% 36% 28% 34% 18%
White 91% 87% 80% 73% 69% 71% 55%
Asian 93% 91% 85% 83% 78% 80% 67%



















2005 Math MEAP Statewide
3rd 4th 5th 6th 7th 8th 12th
All 88% 85% 76% 69% 64% 68% 52%
Black 73% 67% 52% 41% 35% 42% 22%
White 92% 90% 83% 77% 73% 76% 58%
Asian 95% 93% 90% 87% 84% 85% 70%



















2006 Math MEAP Statewide







































Source:  MEAP State Demographic Reports, 
by Michigan Department of Education, 2005, 
2006, 2007, retrieved from  
https://oeaa.state.mi.us/meap/Index.asp on 



















MICHIGAN MATHEMATICS SIXTH-GRADE GLCEs v. 12.05 
 
Each expectation is labeled [Core], [Ext] (Extended Core), [Fut] (Future Core) or 
[NASL] (Not Assessed at the State Level); NC designates a Non-Calculator item 
 
 
Strand 1: Number & Operations 
 
(MR) Number relationships and meaning of operations 
(FL) Fluency with operations and estimation 
(ME) Meaning, notation, place value, and comparisons 
 
Multiply and divide fractions 
N.MR.06.01 Understand division of fractions as the inverse of multiplication, 






    , then 
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, so    
 
 







N.FL.06.02 Given an applied situation involving dividing fractions, write a mathematical statement to 
represent the situation. [Core] 
N.MR.06.03 Solve for the unknown in equations such as 
 
 
      , 
 
 
      
 
 
 , and 
 
 
       [Fut] 
N.FL.06.04 Multiply and divide any two fractions, including mixed numbers, fluently. [Core-NC] 
Represent rational numbers as fractions or decimals 
N.ME.06.05 Order rational numbers and place them on the number line. [Ext] 
N.ME.06.06 Represent rational numbers as fractions or terminating decimals when possible, and translate 
between these representations. [Ext] 




  is -8 divided by 3. [Fut] 
Add and subtract integers and rational numbers 
N.MR.06.08 Understand integer subtraction as the inverse of integer addition. Understand integer division 
as the inverse of integer multiplication. [Fut] 
N.FL.06.09 Add and multiply integers between -10 and 10; subtract and divide integers using the related 
facts. Use the number line and chip models for addition and subtraction. [Fut-NC] 
N.FL.06.10 Add, subtract, multiply and divide positive rational numbers fluently. [Core-NC] 
Find equivalent ratios 
N.ME.06.11 Find equivalent ratios by scaling up or scaling down. [Core] 
Solve decimal, percentage and rational number problems 
N.FL.06.12 Calculate part of a number given the percentage and the number. [Ext-NC] 
N.MR.06.13 Solve contextual problems involving percentages such as sales taxes and tips. [Core] 
N.FL.06.14 For applied situations, estimate the answers to calculations involving operations with rational 
numbers. [Core] 
N.FL.06.15 Solve applied problems that use the four operations with appropriate decimal numbers. [Core] 
Use exponents 
N.ME.06.16  Understand and use integer exponents, excluding powers of negative bases; express numbers 
in scientific notation. [Fut] 
Understand rational numbers and their location on the number line 
N.ME.06.17 Locate negative rational numbers (including integers) on the number line; know that numbers 
and their negatives add to 0, and are on opposite sides and at equal distance from 0 on a number 
line. [Core] 
N.ME.06.18 Understand that rational numbers are quotients of integers (non zero denominators), e.g., a 
rational number is either a fraction or a negative fraction. [Ext] 
N.ME.06.19 Understand that 0 is an integer that is neither negative nor positive. [Ext] 
N.ME.06.20 Know that the absolute value of a number is the value of the number ignoring the sign; or is 




Strand 2:  ALGEBRA 
 
(PA)=Patterns, relations, functions, and change  
(RP)=Representation 
(FO)=Formulas, expressions, equations, and inequalities  
 
Calculate rates 
A.PA.06.01 Solve applied problems involving rates, including speed, e.g., if a car is going 50 mph, how far 
will it go in 3 ½ hours? [Core] 
Understand the coordinate plane 
A.RP.06.02 Plot ordered pairs of integers and use ordered pairs of integers to identify points in all four 
quadrants of the coordinate plane. [Core] 
Use variables, write expressions and equations, and combine like terms 
A.FO.06.03 Use letters, with units, to represent quantities in a variety of contexts, e.g., y lbs., k minutes, x 
cookies. [Core] 
A.FO.06.04 Distinguish between an algebraic expression and an equation. [Ext] 
A.FO.06.05 Use standard conventions for writing algebraic expressions, e.g., 2x +1 means ―two times x, 
plus 1‖ and 2(x + 1) means ―two times the quantity (x +1).‖ [Fut] 
A.FO.06.06 Represent information given in words using algebraic expressions and equations. [Core] 
A.FO.06.07 Simplify expressions of the first degree by combining like terms, and evaluate using specific 
values. [Fut] 
Represent linear functions using tables, equations, and graphs 
A.RP.06.08 Understand that relationships between quantities can be suggested by graphs and tables. [Ext] 
A.PA.06.09 Solve problems involving linear functions whose input values are integers; write the equation; 
graph the resulting ordered pairs of integers, e.g., given c chairs, the ―leg function‖ is 4c; if you 
have 5 chairs, how many legs?; if you have 12 legs, how many chairs? [Fut] 
A.RP.06.10 Represent simple relationships between quantities using verbal descriptions, formulas or 
equations, tables, and graphs, e.g., perimeter-side relationship for a square, distance-time graphs, 
and conversions such as feet to inches. [Fut] 
Solve equations 
A.FO.06.11 Relate simple linear equations with integer coefficients, e.g., 3x = 8 or x + 5 = 10, to particular 
contexts and solve. [Core] 
A.FO.06.12 Understand that adding or subtracting the same number to both sides of an equation creates a 
new equation that has the same solution. [Core] 
A.FO.06.13 Understand that multiplying or dividing both sides of an equation by the same non-zero 
number creates a new equation that has the same solutions. [Core] 
A.FO.06.14 Solve equations of the form ax + b = c, e.g., 3x + 8 = 15 by hand for positive integer 
coefficients less than 20, use calculators otherwise, and interpret the results. [Fut] 
 
Strand 3: Measurement 
 
(UN) Units and systems of measurement 
(PS) Problem solving involving measurement 
(TE) Techniques and formulas for measurement 
 
Convert within measurement systems 
M.UN.06.01 Convert between basic units of measurement within a single measurement system, e.g., square 
inches to square feet. [Core] 
Find volume and surface area 
M.PS.06.02 Draw patterns (of faces) for a cube and rectangular prism that, when cut, will cover the solid 




M.TE.06.03 Compute the volume and surface area of cubes and rectangular prisms given the lengths of 
their sides, using formulas. [Fut] 
 
 
Strand 4: Geometry 
 
(GS) Geometric shape, properties, and mathematical arguments 
(TR) Transformation and symmetry 
(SR) Spatial reasoning and geometric modeling 
 
Understand and apply basic properties 
G.GS.06.01 Understand and apply basic properties of lines, angles, and triangles, including: 
• triangle inequality 
• relationships of vertical angles, complementary angles, supplementary angles 
• congruence of corresponding and alternate interior angles when parallel lines are cut by a 
transversal, and that such congruencies imply parallel lines 
• locate interior and exterior angles of any triangle, and use the property that an exterior angle of a 
triangle is equal to the sum of the remote (opposite) interior angles 
• know that the sum of the exterior angles of a convex polygon is 360º. [Fut] 
Understand the concept of congruence and basic transformations 
G.GS.06.02 Understand that for polygons, congruence means corresponding sides and angles have equal 
measures. [Core] 
G.TR.06.03 Understand the basic rigid motions in the plane (reflections, rotations, translations), relate 
these to congruence, and apply them to solve problems. [Core] 
G.TR.06.04 Understand and use simple compositions of basic rigid transformations, e.g., a translation 
followed by a reflection. [Ext] 
Construct geometric shapes 
G.SR.06.05 Use paper folding to perform basic geometric constructions of perpendicular lines, midpoints 
of line segments and angle bisectors; justify informally. [NASL] 
 
 




Understand the concept of probability and solve problems 
D.PR.06.01 Express probabilities as fractions, decimals, or percentages between 0 and 1; know that 0 
probability means an event will not occur and that probability 1 means an event will occur. [Core] 
D.PR.06.02 Compute probabilities of events from simple experiments with equally likely outcomes, e.g., 
tossing dice, flipping coins, spinning spinners, by listing all possibilities and finding the fraction 
that meets given conditions. [Ext] 
 
 
Source:  From ―Mathematics K-8 Grade Level Content Expectations‖ (p. 2), by Michigan Department of 













THEORETICAL FRAMEWORK OF LEARNING 





Theoretical Framework of Learning Numbers and Operations 
Adapted from ―The rational number construct--its elements and mechanisms,‖ (p. 138) 
by T. Kieren, 1980, in T. Kieren (Ed.), Recent research on number learning, 
Columbus, OH: ERIC Clearinghouse for Science, Mathematics, and 
Environmental Education and from ―Rational-number concepts,‖ (p. 100) by M. J. 
Behr, R. Lesh, T. R. Post, and E. A. Silver, 1983, in R. Lesh, & M. Landau (Eds.), 
Acquisition of mathematics concepts and processes, New York: Academic Press. 














NAEP EIGHTH-GRADE ACHIEVEMENT GAPS BY RACE AND  








NAEP Eighth-grade Achievement Gaps by Race and Mathematical Strand 2003 to 2009 
Composite White   Gap Black   Gap Hispanic   GAP Asian   Gap Am Ind 
Year SS     SS     SS     SS     SS 
2009 293   -32 261   -27 266   +8 301   -27 266 
2007 291   -31 260   -26 265   +6 297   -27 264 
2005 289   -34 255   -27 262   +6 295   -25 264 
2003 288   -36 252   -29 259   +3 291   -25 263 
   
   
 
    
 
    
 
    
Algebra White   
  
Black     Hispanic     Asian     Am Ind 
Year SS     SS     SS     SS     SS 
2009 297   -30 267   -26 271   +10 307   -28 269 
2007 294   -29 265   -24 270   +8 302   -26 268 
2005 290   -29 261   -23 267   +11 301   -25 265 
2003 289   -32 257   -26 263   +6 295   -22 267 
   
    
 
    
 
    
 
    
DATA White   
  
Black   
  
Hispanic   
  
Asian   
  
Am Ind 
Year SS     SS     SS     SS     SS 
2009 296   -34 262   -32 264   +5 301   -33 263 
2007 296   -34 262   -32 264   +1 297   -32 264 
2005 293   -36 257   -31 262   +2 295   -31 262 
2003 292   -38 254   -34 258   -3 289   -29 263 
   
    
 
    
 
    
 
    
Geometry White   
  
Black   
  
Hispanic   
  
Asian   
  
Am Ind 
Year SS     SS     SS     SS     SS 
2009 288   -28 260   -22 266   +7 295   -20 268 
2007 286   -29 257   -21 265   +6 292   -23 263 
2005 284   -30 254   -23 261   +6 290   -20 264 
2003 283   -31 252   -23 260   +4 287   -20 263 
   
    
 
    
 
    
 
    
MEASU
RE White   
  
Black   
  
Hispanic   
  
Asian   
  
Am Ind 
Year SS     SS     SS     SS     SS 
2009 293   -42 251   -32 261   +7 300   -35 258 
2007 290   -40 250   -33 257   +8 298   -33 257 
2005 289   -45 244   -34 255   +4 293   -27 262 
2003 289   -50 239   -37 252   +2 291   -30 259 
NUM/OP White   
  
Black   
  
Hispanic   
  
Asian   
  
Am Ind 
Year SS     SS     SS     SS     SS 
2009 290   -31 259   -25 265   +8 298   -24 266 
2007 289   -31 258   -26 263   +4 293   -28 261 
2005 287   -33 254   -26 261   +5 292   -23 264 
2003 287   -33 254   -28 259   +4 291   -26 261 





































 Note:  From the National Center for Educational Statistics Data Explorer, retrieved from 

















Framework for Statistical Thinking  
 
 
Note:  From ―Statistical thinking in empirical enquiry,‖ by C. Wild and M. Pfannkuch, 1999, International 















DEFINITION OF VARIABLES 
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Table 23  
 
Definition of Variables 
Variable              Conceptual                    Instrumental                                Operational   
                             Definition                      Definition                                      Definition 
Year 
The year that the MEAP 
test was administered 
Each data set has the test year attached 
to it by the MDE. 
1 = 2005 
2 = 2006 
3 = 2007 
Ethnicity 
The identity with or 
membership in a particular 
racial, national, or cultural 
group and observance of 
that group’s customs, 
beliefs, and language. 
Ethnicity of each Michigan student is 
reported to the MDE in the Single 
Record Student Database (SRSD).  
This information is put on each 
student’s MEAP test in barcode form. 
1 = American Indian 
2 = Asian 
3 = Black, not Hispanic 
4 = Hispanic 
5 = White, not Hispanic 
6 = Multiracial 
7 = Other 
8 = Unknown 
A.PA.06.01 
(Algebra) 
Solve applied problems 
involving rates, including 
speed. 
If a car is going 50 mph, how far will it 
go in 3½ hours? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 




Plot ordered pairs of 
integers and use ordered 
pairs of integers to 
identify points in all four 






of point J? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 




Use letters, with units, to 
represent quantities in a 
variety of contexts. 
Allen and Tim have a total of 50 
pennies.  If a represents the number of 
pennies Allen has, which of the 
following represents the number of 
pennies that Tim has? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





given in words using 
algebraic expressions and 
equations. 
Kelly has two brothers who weigh a 
total of 191 pounds.  In the number 
sentence x + y = 191, what does y 
represent? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 




Relate simple linear 
equations with integer 
coefficients to particular 
contexts and solve. 
Hector and Tony collect baseball 
cards.  Hector has 28 cards.  The 
number of cards owned by Tony, t, can 
be represented by 2t=28.  How many 
cards does Tony own? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 




Understand that adding or 
subtracting the same 
number to both sides of an 
equation creates a new 
equation that has the same 
solution. 
Which value for x correctly solves this 
number sentence?    X ‒ 5 = ‾3 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Definition of Variables 
 
Variable              Conceptual                    Instrumental                                Operational   




multiplying or dividing 
both sides of an equation 
by the same non-zero 
number creates a new 
equation that has the same 
solutions. 
Which value for y correctly solves this 




Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





For applied situations, 
estimate the answers to 
calculations involving 
operations with rational 
numbers. 
Mr. Ellis’ dinner bill was $26.65.  He 
gave the waiter an additional 15% of 
the bill for a tip.  Which of the 
following is closest to the amount he 
gave the waiter for the tip? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Solve applied problems 




A group of 5 friends split the cost of 2 
pizzas.  Each pizza cost $11.00, tax 
included.  How much did each friend 
pay? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Locate negative rational 
numbers (including 
integers) on the number 
line; know that numbers 
and their negatives add to 
0, and are on opposite 
sides and at equal distance 
from 0 on a number line. 
What is the value of ‾3.21 + 3.21? 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Convert between basic 
units of measurement 
within a single 
measurement system. 
A recipe calls for a pint of milk.  
Harold is making 4 times the amount 
called for by the recipe.  How much 
milk, in quarts, does Harold need?  (1 
quart = 2 pints) 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Understand that for 
polygons, congruence 
means corresponding sides 
and angles have equal 
measures. 
In the figure, ΔFGH is similar to 
ΔJKL.  Which angle must be 
congruent to G? 
 
 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 





Understand the basic rigid 
motions in the plane 
(reflections, rotations, 
translations), relate these 
to congruence, and apply 
them to solve problems. 
Which object can be rotated 90 about 
its center and have its final orientation 







Out of 3 questions for 
2006 and 2007, the score 
for this variable is the 
number of questions the 
student answered 
correctly.  The score for 








Definition of Variables 
 
Variable              Conceptual                    Instrumental                                Operational   




Express probabilities as 
fractions, decimals, or 
percentages between 0 and 
1; know that 0 probability 
means an event will not 
occur and that probability 
1 means an event will 
occur. 
An apartment complex is offering a 
raffle with a 1 in 50 probability of 
winning a car.  Which number 
represents the probability of winning a 
car?  
A  0.02      B  0.15       C  1.50       D  
50 
Out of the 3 questions 
testing this GLCE, the 
score for this variable is 
the number of questions 
the student answered 
correctly. 
Algebra 
Student performance on 
the seven algebra 
expectations. 
A.PA.6.01, A.RP.6.02, A.FO.6.03, 
A.FO.6.06, A.FO.6.11, A.FO.6.12, 
A.FO.6.13 
Out of the 21 points 
possible for these seven 
GLCEs, the number of 
questions the student 
answered correctly. 
Non-Algebra 
Student performance on 
the seven non-algebra 
expectations. 
N.FL.6.14, F.FL.6.15, N.ME.6.17, 
M.UN.6.01, G.GS.6.02, G.TR.6.03, 
D.PR.6.01 
Out of the 21 points 
possible for these seven 
GLCEs, the number of 
questions the student 
answered correctly. 
Note:  The instrumental definitions are from ―2006 MEAP Released Items,‖ by Michigan Department of Education, 
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Means by Algebra GLCE and by Ethnicity for 2005-2007 













3 Amer. 2005 N 1217 1217 1217 1217 1217 1217 1217 
Indian  Mean 1.7313 2.2408 2.0140 1.5481 2.4306 1.0674 1.2917 
  SD 0.9847 0.8662 0.9099 0.8543 0.7782 1.0181 0.8920 
  SE 0.0282 0.0248 0.0261 0.0245 0.0223 0.0292 0.0256 
 2006 N 1228 1228 1228 1228 1228 1228 1228 
  Mean 1.4121 2.0627 1.6425 1.6059 2.1604 1.9536 1.5603 
  SD 0.9079 1.1160 0.9931 0.8869 1.0107 0.9208 1.1029 
  SE 0.0259 0.0318 0.0283 0.0253 0.0288 0.0263 0.0315 
 2007 N 1186 1186 1186 1186 1186 1186 1186 
  Mean 1.4359 2.1973 2.1155 1.7403 1.3761 1.1189 1.0995 
  SD 1.0593 0.9259 0.9155 0.9731 0.9929 0.8764 1.0443 
  SE 0.0308 0.0269 0.0266 0.0283 0.0288 0.0254 0.0303 
 Total N 3631 3631 3631 3631 3631 3631 3631 
  Mean 1.5269 2.1663 1.9215 1.6304 1.9948 1.3839 1.3197 
  SD 0.9955 0.9788 0.9622 0.9088 1.0334 1.0251 1.0341 
  SE 0.0165 0.0162 0.0160 0.0151 0.0172 0.0170 0.0172 
Asian 2005 N 2814 2814 2814 2814 2814 2814 2814 
  Mean 2.2349 2.5270 2.4232 1.9556 2.7242 1.8124 1.8632 
  SD 0.9120 0.7320 0.7794 0.8117 0.5854 1.1956 0.9699 
  SE 0.0172 0.0138 0.0147 0.0153 0.0110 0.0225 0.0183 
 2006 N 2957 2957 2957 2957 2957 2957 2957 
  Mean 1.9127 2.4589 2.1816 2.0254 2.5749 2.3304 2.2661 
  SD 0.9728 0.9479 0.9648 0.9242 0.7976 0.8576 0.9835 
  SE 0.0179 0.0174 0.0177 0.0170 0.0147 0.0158 0.0181 
 2007 N 3072 3072 3072 3072 3072 3072 3072 
  Mean 2.0869 2.5404 2.5241 2.2738 2.0374 1.8288 1.8971 
  SD 1.1121 0.7551 0.7575 0.8797 1.0282 1.0534 1.1568 
  SE 0.0201 0.0136 0.0137 0.0159 0.0186 0.0190 0.0209 
 Total N 8843 8843 8843 8843 8843 8843 8843 
  Mean 2.0758 2.5089 2.3775 2.0894 2.4357 1.9913 2.0097 
  SD 1.0137 0.8187 0.8513 0.8848 0.8815 1.0695 1.0586 
  SE 0.0108 0.0087 0.0091 0.0094 0.0094 0.0114 0.0113 
Black 2005 N 27154 27154 27154 27154 27154 27154 27154 
  Mean 1.2519 1.9308 1.7215 1.3377 2.1371 0.8371 1.0699 
  SD 0.9558 0.9771 0.9417 0.8636 0.8592 0.9144 0.8372 
  SE 0.0058 0.0059 0.0057 0.0052 0.0052 0.0055 0.0051 
 2006 N 25901 25901 25901 25901 25901 25901 25901 
  Mean 1.0942 1.7785 1.2920 1.2723 1.7802 1.5475 1.2002 
  SD 0.8339 1.0916 0.9388 0.9125 1.0576 1.0154 1.0513 
  SE 0.0052 0.0068 0.0058 0.0057 0.0066 0.0063 0.0065 
 2007 N 24027 24027 24027 24027 24027 24027 24027 
  Mean 1.0337 1.8289 1.8254 1.5243 1.1679 0.9767 0.9997 
  SD 0.9939 1.0039 0.9647 1.0003 0.9604 0.8813 0.9898 
  SE 0.0064 0.0065 0.0062 0.0065 0.0062 0.0057 0.0064 
 Total N 77082 77082 77082 77082 77082 77082 77082 
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3   Mean 1.1309 1.8478 1.6096 1.3739 1.7151 1.1193 1.0918 
  SD 0.9337 1.0271 0.9754 0.9302 1.0397 0.9895 0.9646 
  SE 0.0034 0.0037 0.0035 0.0034 0.0037 0.0036 0.0035 
Hisp 2005 N 5212 5212 5212 5212 5212 5212 5212 
  Mean 1.5754 2.1642 1.8787 1.4848 2.2859 0.9461 1.1688 
  SD 1.0052 0.9172 0.9413 0.8496 0.8286 0.9916 0.8809 
  SE 0.0139 0.0127 0.0130 0.0118 0.0115 0.0137 0.0122 
 2006 N 5430 5430 5430 5430 5430 5430 5430 
  Mean 1.2468 2.0300 1.4000 1.3866 1.9392 1.7335 1.3847 
  SD 0.8913 1.0999 0.9665 0.9106 1.0525 0.9982 1.0945 
  SE 0.0121 0.0149 0.0131 0.0124 0.0143 0.0135 0.0149 
 2007 N 5700 5700 5700 5700 5700 5700 5700 
  Mean 1.2984 2.1463 2.0088 1.6535 1.2595 1.0649 1.0388 
  SD 1.0568 0.9581 0.9400 0.9996 0.9845 0.8974 1.0167 
  SE 0.0140 0.0127 0.0125 0.0132 0.0130 0.0119 0.0135 
 Total N 16342 16342 16342 16342 16342 16342 16342 
  Mean 1.3696 2.1134 1.7650 1.5110 1.8127 1.2492 1.1952 
  SD 0.9980 0.9969 0.9850 0.9309 1.0528 1.0220 1.0132 
  SE 0.0078 0.0078 0.0077 0.0073 0.0082 0.0080 0.0079 
White 2005 N 94508 94508 94508 94508 94508 94508 94508 
  Mean 2.0326 2.3868 2.2199 1.6968 2.5955 1.3392 1.4708 
  SD 0.9529 0.8247 0.8640 0.8328 0.6767 1.1234 0.9294 
  SE 0.0031 0.0027 0.0028 0.0027 0.0022 0.0037 0.0030 
 2006 N 92951 92951 92951 92951 92951 92951 92951 
  Mean 1.5752 2.2219 1.8932 1.8256 2.3300 2.1009 1.8306 
  SD 0.9435 1.0642 1.0020 0.9026 0.9348 0.8958 1.0911 
  SE 0.0031 0.0035 0.0033 0.0030 0.0031 0.0029 0.0036 
 2007 N 89381 89381 89381 89381 89381 89381 89381 
  Mean 1.7467 2.3508 2.3411 1.9497 1.6459 1.3239 1.3217 
  SD 1.0976 0.8583 0.8389 0.9511 1.0246 0.9667 1.1131 
  SE 0.0037 0.0029 0.0028 0.0032 0.0034 0.0032 0.0037 
 Total N 276840 276840 276840 276840 276840 276840 276840 
  Mean 1.7867 2.3198 2.1494 1.8217 2.1998 1.5900 1.5435 
  SD 1.0169 0.9249 0.9245 0.9016 0.9731 1.0648 1.0677 
  SE 0.0019 0.0018 0.0018 0.0017 0.0018 0.0020 0.0020 
Multi 2005 N 979 979 979 979 979 979 979 
  Mean 1.6905 2.2217 2.0041 1.5832 2.4311 1.1747 1.3453 
  SD 1.0338 0.9038 0.9323 0.8769 0.7675 1.0849 0.9482 
  SE 0.0330 0.0289 0.0298 0.0280 0.0245 0.0347 0.0303 
 2006 N 1192 1192 1192 1192 1192 1192 1192 
  Mean 1.4346 2.1200 1.7030 1.6602 2.1770 1.9614 1.6770 
  SD 0.9376 1.0965 1.0183 0.9502 1.0011 0.9355 1.0914 
  SE 0.0272 0.0318 0.0295 0.0275 0.0290 0.0271 0.0316 
 2007 N 1028 1028 1028 1028 1028 1028 1028 
  Mean 1.5302 2.1975 2.1381 1.7237 1.4348 1.1119 1.1420 
  SD 1.1042 0.9366 0.9374 0.9656 1.0248 0.9414 1.0560 
  SE 0.0344 0.0292 0.0292 0.0301 0.0320 0.0294 0.0329 
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3  Total N 3199 3199 3199 3199 3199 3199 3199 
  Mean 1.5436 2.1760 1.9350 1.6571 2.0163 1.4476 1.4036 
  SD 1.0280 0.9906 0.9843 0.9348 1.0304 1.0620 1.0619 
  SE 0.0182 0.0175 0.0174 0.0165 0.0182 0.0188 0.0188 
Other 2005 N 476 476 476 476 476 476 476 
  Mean 2.1765 2.2290 2.2668 1.8088 2.6324 1.6618 1.5966 
  SD 0.9121 0.8802 0.8399 0.7862 0.6596 1.1374 0.9091 
  SE 0.0418 0.0403 0.0385 0.0360 0.0302 0.0521 0.0417 
 2006 N 257 257 257 257 257 257 257 
  Mean 1.6926 1.8833 1.9300 1.9922 2.4202 2.2257 1.8755 
  SD 0.9411 1.2030 1.0397 0.8478 0.8400 0.8313 1.1075 
  SE 0.0587 0.0750 0.0649 0.0529 0.0524 0.0519 0.0691 
 2007 N 118 118 118 118 118 118 118 
  Mean 1.9153 2.2966 2.4915 2.0169 1.7288 1.4153 1.5508 
  SD 1.1809 0.7878 0.7010 0.9606 1.0183 0.9637 1.1517 
  SE 0.1087 0.0725 0.0645 0.0884 0.0937 0.0887 0.1060 
 Total N 851 851 851 851 851 851 851 
  Mean 1.9941 2.1340 2.1962 1.8931 2.4430 1.7979 1.6745 
  SD 0.9852 0.9910 0.9076 0.8354 0.8303 1.0700 1.0157 
  SE 0.0338 0.0340 0.0311 0.0286 0.0285 0.0367 0.0348 
Unknwn 2005 N 696 696 696 696 696 696 696 
  Mean 1.8534 2.0934 2.1250 1.6552 2.5029 1.3879 1.3951 
  SD 1.0043 0.9588 0.8913 0.8743 0.7737 1.1375 0.9248 
  SE 0.0381 0.0363 0.0338 0.0331 0.0293 0.0431 0.0351 
 2006 N 421 421 421 421 421 421 421 
  Mean 1.3183 1.5083 1.5012 1.4846 1.9240 1.6865 1.4299 
  SD 0.9678 1.1477 1.0227 0.9350 1.1165 1.0472 1.1621 
  SE 0.0472 0.0559 0.0498 0.0456 0.0544 0.0510 0.0566 
 2007 N 129 129 129 129 129 129 129 
  Mean 1.7287 2.2326 2.3798 2.0155 1.7674 1.3488 1.3178 
  SD 1.0514 0.9480 0.7925 0.9600 1.0644 0.9491 1.0382 
  SE 0.0926 0.0835 0.0698 0.0845 0.0937 0.0836 0.0914 
 Total N 1246 1246 1246 1246 1246 1246 1246 
  Mean 1.6597 1.9101 1.9406 1.6348 2.2311 1.4848 1.3989 
  SD 1.0264 1.0649 0.9824 0.9161 0.9832 1.0981 1.0221 
  SE 0.0291 0.0302 0.0278 0.0260 0.0279 0.0311 0.0290 
Total 2005 N 133056 133056 133056 133056 133056 133056 133056 
  Mean 1.8540 2.2834 2.1053 1.6187 2.4895 1.2290 1.3829 
  SD 1.0084 0.8819 0.9073 0.8540 0.7489 1.1030 0.9276 
  SE 0.0028 0.0024 0.0025 0.0023 0.0021 0.0030 0.0025 
 2006 N 130337 130337 130337 130337 130337 130337 130337 
  Mean 1.4702 2.1257 1.7545 1.6976 2.2059 1.9771 1.6915 
  SD 0.9439 1.0862 1.0205 0.9353 0.9918 0.9537 1.1150 
  SE 0.0026 0.0030 0.0028 0.0026 0.0027 0.0026 0.0031 
 2007 N 124641 124641 124641 124641 124641 124641 124641 
  Mean 1.5925 2.2426 2.2274 1.8584 1.5417 1.2540 1.2575 
  SD 1.1166 0.9162 0.8944 0.9792 1.0325 0.9638 1.0991 
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3   SE 0.0032 0.0026 0.0025 0.0028 0.0029 0.0027 0.0031 
 Total N 388034 388034 388034 388034 388034 388034 388034 
  Mean 1.6411 2.2173 2.0267 1.7222 2.0898 1.4883 1.4463 
  SD 1.0366 0.9681 0.9638 0.9283 1.0104 1.0686 1.0647 
  SE 0.0017 0.0016 0.0015 0.0015 0.0016 0.0017 0.0017 
 
Table 24 (Continued). 
 
Means by Non-Algebra GLCE and Ethnicity for 2005-2007 
Ethnic Yr  N.FL.6.14 N.FL.6.15 N.ME.6.17 M.UN.6.01 G.GS.6.02 G.TR.6.03 D.PR.6.01 
Amer. 2005 N 1217 1217 1217 1217 1217 1217 1217 
Indian  Mean 1.6656 2.0723 2.1422 1.0205 1.4840 0.9729 2.0337 
  SD 0.9091 0.8725 0.9088 0.7535 0.9716 0.7118 0.8427 
  SE 0.0261 0.0250 0.0261 0.0216 0.0279 0.0204 0.0242 
 2006 N 1228 1228 1228 1228 1228 1228 1228 
  Mean 1.6572 1.3941 1.8738 1.9919 1.4235 1.7199 1.2533 
  SD 1.0136 0.9221 1.0323 1.0293 0.8564 0.9570 1.0191 
  SE 0.0289 0.0263 0.0295 0.0294 0.0244 0.0273 0.0291 
 2007 N 1186 1186 1186 1186 1186 1186 1186 
  Mean 1.4781 2.4123 2.0110 0.9376 2.1442 1.0506 1.8853 
  SD 0.9995 0.9137 0.8977 0.7867 0.9870 0.8986 0.9645 
  SE 0.0290 0.0265 0.0261 0.0228 0.0287 0.0261 0.0280 
 Total N 3631 3631 3631 3631 3631 3631 3631 
  Mean 1.6015 1.9540 2.0085 1.3219 1.6792 1.2509 1.7213 
  SD 0.9786 0.9971 0.9550 0.9904 0.9938 0.9254 1.0041 
  SE 0.0162 0.0165 0.0158 0.0164 0.0165 0.0154 0.0167 
Asian 2005 N 2814 2814 2814 2814 2814 2814 2814 
  Mean 2.1087 2.4382 2.4762 1.1457 1.8141 1.2356 2.2342 
  SD 0.8670 0.7707 0.7797 0.7946 0.9876 0.7011 0.8505 
  SE 0.0163 0.0145 0.0147 0.0150 0.0186 0.0132 0.0160 
 2006 N 2957 2957 2957 2957 2957 2957 2957 
  Mean 2.2036 1.7731 2.3744 2.4542 1.6682 1.9919 1.9398 
  SD 0.9374 0.9555 0.8970 0.8305 0.8551 0.9280 1.1038 
  SE 0.0172 0.0176 0.0165 0.0153 0.0157 0.0171 0.0203 
 2007 N 3072 3072 3072 3072 3072 3072 3072 
  Mean 1.9801 2.7412 2.4821 1.3538 2.5290 1.4609 2.2376 
  SD 1.0233 0.6280 0.7607 0.8804 0.7794 0.9602 0.9149 
  SE 0.0185 0.0113 0.0137 0.0159 0.0141 0.0173 0.0165 
 Total N 8843 8843 8843 8843 8843 8843 8843 
  Mean 2.0958 2.3210 2.4442 1.6555 2.0137 1.5668 2.1369 
  SD 0.9514 0.8929 0.8160 1.0141 0.9542 0.9294 0.9735 
  SE 0.0101 0.0095 0.0087 0.0108 0.0101 0.0099 0.0104 
Black 2005 N 27154 27154 27154 27154 27154 27154 27154 
  Mean 1.3357 1.6768 1.7857 0.8391 1.3211 0.7699 1.6227 
  SD 0.9044 0.9237 0.9816 0.7599 0.9491 0.6936 0.9338 
  SE 0.0055 0.0056 0.0060 0.0046 0.0058 0.0042 0.0057 
 2006 N 25901 25901 25901 25901 25901 25901 25901 
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Means by Non-Algebra GLCE and Ethnicity for 2005-2007 
Ethnic Yr  N.FL.6.14 N.FL.6.15 N.ME.6.17 M.UN.6.01 G.GS.6.02 G.TR.6.03 D.PR.6.01 
  Mean 1.2086 1.0420 1.4018 1.6298 1.2278 1.2736 0.8783 
  SD 0.9677 0.8625 1.0214 1.0780 0.8680 0.9101 0.9215 
  SE 0.0060 0.0054 0.0063 0.0067 0.0054 0.0057 0.0057 
 2007 N 24027 24027 24027 24027 24027 24027 24027 
  Mean 1.0932 2.0334 1.7205 0.7200 1.9257 0.8934 1.5128 
  SD 0.9460 1.0568 0.9558 0.7316 1.0462 0.8298 1.0113 
  SE 0.0061 0.0068 0.0062 0.0047 0.0067 0.0054 0.0065 
 Total N 77082 77082 77082 77082 77082 77082 77082 
  Mean 1.2174 1.5746 1.6364 1.0677 1.4782 0.9776 1.3383 
  SD 0.9442 1.0311 1.0016 0.9607 1.0019 0.8422 1.0101 
  SE 0.0034 0.0037 0.0036 0.0035 0.0036 0.0030 0.0036 
Hisp 2005 N 5212 5212 5212 5212 5212 5212 5212 
  Mean 1.5468 1.9944 1.9664 0.9167 1.3916 0.9346 1.7682 
  SD 0.9107 0.8869 0.9712 0.7630 0.9434 0.7186 0.9330 
  SE 0.0126 0.0123 0.0135 0.0106 0.0131 0.0100 0.0129 
 2006 N 5430 5430 5430 5430 5430 5430 5430 
  Mean 1.4705 1.2831 1.6906 1.8599 1.3254 1.4807 1.0488 
  SD 0.9996 0.9151 1.0375 1.0689 0.8688 0.9459 0.9847 
  SE 0.0136 0.0124 0.0141 0.0145 0.0118 0.0128 0.0134 
 2007 N 5700 5700 5700 5700 5700 5700 5700 
  Mean 1.3458 2.3170 1.9132 0.8370 2.0521 1.0018 1.7353 
  SD 0.9925 0.9594 0.9263 0.7762 0.9964 0.8617 1.0142 
  SE 0.0131 0.0127 0.0123 0.0103 0.0132 0.0114 0.0134 
 Total N 16342 16342 16342 16342 16342 16342 16342 
  Mean 1.4514 1.8706 1.8562 1.2023 1.6000 1.1395 1.5177 
  SD 0.9731 1.0194 0.9858 0.9958 0.9955 0.8829 1.0334 
  SE 0.0076 0.0080 0.0077 0.0078 0.0078 0.0069 0.0081 
White 2005 N 94508 94508 94508 94508 94508 94508 94508 
  Mean 1.8855 2.2650 2.3253 1.0683 1.6341 1.0833 2.2413 
  SD 0.9013 0.8215 0.8437 0.7524 0.9583 0.7207 0.7862 
  SE 0.0029 0.0027 0.0027 0.0024 0.0031 0.0023 0.0026 
 2006 N 92951 92951 92951 92951 92951 92951 92951 
  Mean 1.9038 1.5820 2.1233 2.1905 1.4990 1.8606 1.5055 
  SD 0.9817 0.9323 0.9790 0.9559 0.8540 0.9419 1.0641 
  SE 0.0032 0.0031 0.0032 0.0031 0.0028 0.0031 0.0035 
 2007 N 89381 89381 89381 89381 89381 89381 89381 
  Mean 1.7273 2.5856 2.2235 1.0827 2.3308 1.2145 2.1244 
  SD 1.0071 0.7930 0.8551 0.8269 0.9005 0.9094 0.9314 
  SE 0.0034 0.0027 0.0029 0.0028 0.0030 0.0030 0.0031 
 Total N 276840 276840 276840 276840 276840 276840 276840 
  Mean 1.8406 2.1392 2.2246 1.4497 1.8137 1.3866 1.9565 
  SD 0.9667 0.9483 0.8987 0.9991 0.9750 0.9266 0.9881 
  SE 0.0018 0.0018 0.0017 0.0019 0.0019 0.0018 0.0019 
Multi 2005 N 979 979 979 979 979 979 979 
  Mean 1.6210 2.0439 2.1614 0.9775 1.5403 1.0020 1.9939 
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Means by Non-Algebra GLCE and Ethnicity for 2005-2007 
Ethnic Yr  N.FL.6.14 N.FL.6.15 N.ME.6.17 M.UN.6.01 G.GS.6.02 G.TR.6.03 D.PR.6.01 
  SD 0.9047 0.9017 0.9248 0.7577 0.9862 0.7179 0.8896 
  SE 0.0289 0.0288 0.0296 0.0242 0.0315 0.0229 0.0284 
 2006 N 1192 1192 1192 1192 1192 1192 1192 
  Mean 1.7341 1.4279 1.9522 2.0579 1.3951 1.6921 1.3599 
  SD 1.0107 0.9116 1.0254 1.0216 0.8745 0.9766 1.0665 
  SE 0.0293 0.0264 0.0297 0.0296 0.0253 0.0283 0.0309 
 2007 N 1028 1028 1028 1028 1028 1028 1028 
  Mean 1.5097 2.4105 2.0710 0.9844 2.1926 1.1342 1.9348 
  SD 1.0221 0.9250 0.9043 0.8325 0.9847 0.8933 0.9851 
  SE 0.0319 0.0289 0.0282 0.0260 0.0307 0.0279 0.0307 
 Total N 3199 3199 3199 3199 3199 3199 3199 
  Mean 1.6274 1.9322 2.0544 1.3823 1.6958 1.3017 1.7387 
  SD 0.9874 1.0025 0.9609 1.0286 1.0070 0.9286 1.0310 
  SE 0.0175 0.0177 0.0170 0.0182 0.0178 0.0164 0.0182 
Other 2005 N 476 476 476 476 476 476 476 
  Mean 2.0651 2.3908 2.3403 1.2059 1.6092 1.0273 2.3361 
  SD 0.8766 0.7502 0.8244 0.7971 0.9215 0.7206 0.7681 
  SE 0.0402 0.0344 0.0378 0.0365 0.0422 0.0330 0.0352 
 2006 N 257 257 257 257 257 257 257 
  Mean 1.9767 1.6809 2.1479 2.3074 1.4981 1.7977 1.5097 
  SD 0.9558 0.8746 0.9730 0.8986 0.8297 0.9872 1.1184 
  SE 0.0596 0.0546 0.0607 0.0561 0.0518 0.0616 0.0698 
 2007 N 118 118 118 118 118 118 118 
  Mean 1.7203 2.6949 2.3475 1.2712 2.5085 1.2119 2.1102 
  SD 1.0532 0.5921 0.8410 0.8337 0.8138 0.9044 0.9939 
  SE 0.0970 0.0545 0.0774 0.0767 0.0749 0.0833 0.0915 
 Total N 851 851 851 851 851 851 851 
  Mean 1.9906 2.2186 2.2832 1.5476 1.7004 1.2855 2.0552 
  SD 0.9330 0.8536 0.8777 0.9719 0.9385 0.9020 0.9884 
  SE 0.0320 0.0293 0.0301 0.0333 0.0322 0.0309 0.0339 
Unknw 2005 N 696 696 696 696 696 696 696 
  Mean 1.7687 2.1638 2.1782 1.0560 1.5316 0.9497 2.0819 
  SD 0.9382 0.8874 0.9475 0.7688 0.9681 0.7229 0.8735 
  SE 0.0356 0.0336 0.0359 0.0291 0.0367 0.0274 0.0331 
 2006 N 421 421 421 421 421 421 421 
  Mean 1.4489 1.2304 1.5534 1.8171 1.2779 1.3824 1.0618 
  SD 1.0490 0.9419 1.0489 1.1029 0.8402 1.0017 1.0332 
  SE 0.0511 0.0459 0.0511 0.0538 0.0409 0.0488 0.0504 
 2007 N 129 129 129 129 129 129 129 
  Mean 1.6202 2.4574 2.1473 0.9767 2.1628 1.1783 2.0000 
  SD 0.9937 0.9015 0.9109 0.8335 0.9584 0.8966 1.0155 
  SE 0.0875 0.0794 0.0802 0.0734 0.0844 0.0789 0.0894 
 Total N 1246 1246 1246 1246 1246 1246 1246 
  Mean 1.6453 1.8788 1.9639 1.3050 1.5112 1.1196 1.7287 
  SD 0.9928 1.0221 1.0216 0.9728 0.9583 0.8676 1.0583 
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Table 24 (Continued). 
 
Means by Non-Algebra GLCE and Ethnicity for 2005-2007 
Ethnic Yr  N.FL.6.14 N.FL.6.15 N.ME.6.17 M.UN.6.01 G.GS.6.02 G.TR.6.03 D.PR.6.01 
  SE 0.0281 0.0290 0.0289 0.0276 0.0271 0.0246 0.0300 
Total 2005 N 133056 133056 133056 133056 133056 133056 133056 
  Mean 1.7608 2.1345 2.2007 1.0166 1.5619 1.0142 2.0922 
  SD 0.9306 0.8796 0.9072 0.7617 0.9661 0.7264 0.8663 
  SE 0.0026 0.0024 0.0025 0.0021 0.0026 0.0020 0.0024 
 2006 N 130337 130337 130337 130337 130337 130337 130337 
  Mean 1.7492 1.4624 1.9619 2.0672 1.4394 1.7265 1.3665 
  SD 1.0212 0.9447 1.0332 1.0126 0.8652 0.9668 1.0694 
  SE 0.0028 0.0026 0.0029 0.0028 0.0024 0.0027 0.0030 
 2007 N 124641 124641 124641 124641 124641 124641 124641 
  Mean 1.5896 2.4676 2.1155 1.0061 2.2419 1.1466 1.9876 
  SD 1.0289 0.8851 0.9020 0.8231 0.9489 0.9042 0.9834 
  SE 0.0029 0.0025 0.0026 0.0023 0.0027 0.0026 0.0028 
 Total N 388034 388034 388034 388034 388034 388034 388034 
  Mean 1.7019 2.0158 2.0931 1.3661 1.7392 1.2960 1.8148 
  SD 0.9966 0.9950 0.9550 1.0048 0.9914 0.9242 1.0274 
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